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CONSTRUCTION and DURABILITY 



OP THE 



LONGITUDINAL CONNECTIONS OF SHAFTS, 
DENOMINATED COUPLINGS. 



ESSAY III. 



PR EFFACE. 

Having attempted to treat of Wheels an<J of 
Shafts, both of which may be considered as es- 
sential parts of Mill-work, the next subject in 
point of order which occurred to . me, was the 
means of connecting Shafts longitudinally^ deno- 
minated Couplings, which accordingly forms 
the subject of the present Essay. 

In examining this subject, I have collected 
and described a number of different methods 
which have been employed of coupling shafts. 
These methods are arranged under two classes ; 

D D 
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practical observations are made on each coup-* 
ling. These observations I presume not to say 
are entirely free from mistake, but they are the 
result of experience, not my own only, but 
compared v^ith that of many others well ac« 
quainted with the subject, with whom I have 
taken many opportunities of conversing; nor 
will these observations be altogether without 
benefit, should they only lead those who may 
be better qualified to make others more exten-* 
sive, judicious, and useful. 

A number of facts relative to the subject are 
also stated, which I trust will not be without 
advantage. For however useful abstract rea- 
soning may be, yet a theory excluding some ap- 
parently trivial or minute circumstance, is often 
rendered altogether uncertain in its application 
to practice. Of this we have remarkable in-* 
stances in calculations made not many years 
ago by some of the most eminent philosophers 
then in Europe, relative to the motion of water 
in canals and pipes. The Academy of Sciences 
at Paris over-estimated the quantity of water to 
be delivered by an aqueduct so far, that it was9 
when executed with the greatest care, found to be 
deficient in the proportion of five to nine. .The 
celebrated Desaguliers made an error of five 
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parts out of six j and the no less celebrated 
M^Laurm often parts out of eleven, in estimat* 
ing the water to be conveyed for supplying the 
city of Edinburgh.* 

Mr. Smeaton was certainly well able to ap« 
precrate science, yet he seemed to place more 
value on the writings of practical men than 
those merely of a theoretical nature. 

" I have myself (says he) always found that 
exact accounts of buildings [and of course^ of 
other such ivorks^^ which were in any degree re- 
markable, and actually executed, were much 
more instructive to my mind than systematical 
writing.f 

* Professor Robison mentions these circdmstances in the 
Ency. Brit. art. River. This subject is now better understood. 
See Phil. Trans. Hydraulic Investigations^ subservient to an 
intended Croonian Lecture on the Motion of the Bloo<1, by 
Dr. Young. Read before the Royal Society, May 5, 1808. 

t See Description of Eddystone Lighthouse/ p. 7. 

It is to be regretted that the professional learning of an 
engineer had been so little cultivated as to render it necessary 
for Smeaton to gather the chief part of his instruction front 
the practical experimenis of his predecessors. No doubt dif- 
ferent minds requive different modes of inslructien ; never- 
theless k systematic course of study seems to be vastly pre- 

DD 2 
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But while I speak thus in favour of practical 
vrprks, I mean not to depreciate those of science. 
They may be of gr$at mutual benefit, and while 
we listen with reverence to the voice of experi- 
ence,* by sound reasoning on her dictates, we 
may extend and apply them to purposes more 
various and useful than those to which they ori- 
ginally related. I shall conclude this preface 
in the words of Professor Robison, which seem 
to me more appropriate than any I could use . 
to express the same ideas. 

ferable to a desultory course^ and also to have been preferred 
by all teachers either of art or science. But men advanced in 
years, and full of occupation, have seldom either inclinatioii 
or leisure to follow a systematic course. They seek for in- 
formation only when compelled 6y professional difficulties. 
They rely upon force of genius to supply the wants of the 
momient, as an Indian hunter on his exertion in the chase; 
and like him they have no idea of laying up a stock to pro- . 
vide .for unforeseen exigencies. How different would be the 
powers of a man, of equal genius, with the advantage of a 
systematic course of study \ where reasoning was joined with 
experiment! Might we not then look iforward Xo a time 
when theory and the laws of nature would be merely different 
terms for the same thing \ It is not however to be expected 
that this perfection will ever be attained while theoiy is con- 
fined to matter divested of its natural properties. (Ed.) 

* '' Experience, slow preceptress, teaching oft * 
The wyy to glory by miscarriage foul." * 

COWPER. 
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^' The man of science who visits our great 
manufactures, is delighted with the ingenuity 
which he observes in every part, the innumerable 
inventions which come even from individual 
artisans, and the determined purpose of im- 
provement and refinement, which he sees in 
every work-shop. Every cotton-mill appears 
an academy of mechanical science ; and mecha- 
nical invention is spreading from these fountains 
over the whole kingdom : but the philosopher 
is mortified to see this ardent spirit so cramped 
by ignorance of principle, and many of these ori- 
ginal and brilliant thoughts obscured and clog- 
ged with needless and even hurtful additions, 
and a complication of machinery which checks 
improvement even by its appearance of inge- 
nuity. There is nothing in which this want of 
scientific education^ this ignorance of principle, 
is so frequently observed, as in the injudicious 
proportion of the parts of machines and other 
mechanical structures ; proportions^ and forms 
of parts, in which the strength and position are 
nowise regulated by the strains to which they 
are exposed, and where repeated failures have 
been the only lessons.'^ 

Glasgow, Jan, 1809. 
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CONSTRUCTION and DURABILITY, 



CHAP. I. 



On the Longitudinal Connections of Shafts 

denominated Couplings. 

208. It is well known to those who are 
la any degree acquainted with mill-work^ 
that it is very frequently necessary to coc- 
vey motion much farther than would be 
practicable by anyone shaft; it is there- 
fore, often requisite to connect two or more 
shafts together.* These connections are 
denominated couplings^ and may be divided 

* For, though it be most desirable that machinery 
should be concentrated as much as possible^ long ranges 
of lying shafts are unavoidable in large mills^ in cotton, 
linen^ and woollen manufactories^ breweries, &c« &c. 
Hencie the efficient and durable connection of these 
shafts is an object of considerable importance. (Ed.) 
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into two classes; viz. 1st. Those having 
two bearings : 2nd; Those having one bear- 
ing. I mention couplings having two 
bearings, first, because they were long in 
use before those having one bearing, and 
because they are, generally speaking, more 
simple in- their construction.* 



J * 



CLASS I. 

Of Couplings with Two Bearings. 

209. By the bearings ofshsifis are meant 
the parts which support their, pivots, ar- 
bours, or journals. When a coupling has 
double bearings, each shaft is supported 
by two bridges, as represented A, B and 
C, D, Plate V. Fig. 1. 

COUPLING I.— FiG; 1 & 2- 
Of the Square Coupling. 

210. This kind of coupling is formed by 
making the ends of the shafts to be coup- 
led, square. These squares project beyond 
the journals, and avp in tlie spaces B C and 
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D E, between the bridges. One of the 
squares is made as long as what is called 
ihecoupling-box F, The use of the coupling- 
box, which is made of iron, is to receive 
both the squares, so as that when the one 
shaft is -moved, the box connects it with 
the other shaft in such a manner that thej 
must move together. But when occasion 
requires, the box may be slipped back 
upon the longest square, and so give liberty 
to take out any one of the shafts, indepen- 
dently of the rest, however great the num- 
ber may be. When the shafts are en- 
gaged, the box is kept in its place by the 
pin G. 

The coupling at BC is represented as 
engaged, and at D E as disengaged. 

Fig. 2. represents this kind of couphng 
upon a larger scale. The same letters refer 
to the same parts, as in Fig. 1. 

Sometimes^ instead of the section of the 
couplings forming a square, as Fig. 2, 
No. 2, it is made of an oblong form, as re- 
presented in Fig. 2, No. 3 ; but this form 
is more difficult of execution than the 
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square. Also, instead of having the coup- 
ling-box solid, it is frequently made in two 
pieces. Fig. 2, No. 4, in which case it em- 
braces the whole length of both squares, 
there being no occasion then for room to 
slide back the box in order to disengage the 
couplings. 

Observations. 
211. Were the axes* of these shafts 
truly in one straight line, and the squares 
made and fitted to the box with perfect ac- 
curacy, the motion would be perfectly 
snK>oth, but in large machinery this is al- 
most impracticable, and even if practicable 
when new, would not long continue to be 
the case. The brasses wear unequally, or 
the framing sinks more in one place than 
anothen In some part of each revolution^ 
therefore, one or other, or both the shafts, 
will be lifted off their bearings. The two 
adjoining journals, then come to act like 
one twisted piece of iron, and must ob- 
viously occasion an unsteady motion, and 

* jixis. — ^The line, real or imaginary, that passes 
through any thing on which it may revolve. 



^ 
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much frictiont This; imperfection is some- 
times called a lift. This kind of coupling 
has, for these reasons, been in a great de- 
gree abandoned for mill-work. But in 
smaller machinery^ such as in coupling the 
rollers of those machines for spinning cot- 
ton called mules^ it is still used ; because 
in that kind of machinery it can be exe- 
cuted with a very great dqgree of accuracy, 
and is pot so liable to wear out of truth as 
in larger works. 

31^. Of this . species of couplings with 
double bearings are many varieties, made 
according to the whim of different w:ork- 
men ; such for instance, as is represented 
in Fig. 3^ which has a small projection 
from each angle of the square, differing in 
no other respect from the common square 
coupling, and liable to nearly the same 
faults. 

COUPLING II.— Fig. 4. 

Of the Round Coupling. 
^13. The round coupling has the parts 
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between the bridges cylindrical. The 
coupling-box C is made to fit those parts, 
and to slip backward when occasion re- 
quires, as was described of the square 
coupling. When the shafts are engaged, 
two bolts, DE, and FG, pass through 
the box at right angles to each other, and 
one of them through each of the shafts; 
this being done, when the one shaft is 
moved, it will evidently carry round the 
other along with it. 

Observations. 

214. The effects of the round coupling 
are nearly the same as the square coup- 
ling, but as thb parts may be all turned, it 
is more easily made true at first; and when 
the bolls which prevent it from twisting, 
wear, they may, with little trouble, be re- 
newed ; but, as the whole stress comes on 
a small surface at these bolts, both the bolts 
themselves, and the holes very soon wear. 
For this reason, after this kind of coupling 
was some time tried for the rollers in cotton 
spinning, it was abandoned, and the square 
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in which the strain is diffused over a greater 
surface, substituted. 

COUPLING III.— Fig. 5. 
Of Clutches or Glands. 

215. Couplings which have no coup- 
ling-boxes, are denominated clutches or 
glands. They may, without impropriety, 
come under this class of couplings having 
double bearings. 

Fig. 5. represents a coupling of this 
kind, it consists of two crosses, A A and 
BB, one fixed to each shaft;. BB has 
its ends bended forward, and lays hold of 
A A, and thus turns round the other shaft. 



Observations. 

216. Glands are an excellent mode of 
coi^pling for double bearings^ and have the 
advantage of throwing the stress further 
from the centre of motion, than in the 
square coupling as commonly executed; 
but few workmen are able to execute 
glands with accuracy, and if this be not 
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the case, they make a very disagreeable 
movement; it may therefore be not ittf- 
proper to describe how this may be ac- 
complished. 

217. When the axes of two journals are 
put ks near to a straight line as possible, 
by observation from the workman's eye, it 
often happens, that they may be in a bad 
. situation for working, either because the 
axes do not really correspond, or, even 
though they did correspond, yet the arms 
of the glands do not take hold both to- 
gether, or perhaps from both causes. To 
adjust these arms, observe, in the first 
place, when the glands turn round, if one 
of the tails be in continual contact, and 
the other tail always preserve an equal 
distance from being in contact, in that 

case, the centres are perfectly opposite^ 

♦ 

and axes in one line, and consequently 
right ; but if the distance of the other 
point of the glands vary in its distance, or 
becomes so irregular, as to free the other 
point of the gland, then, in that case, the 
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centres are wrong, and must be so ad« 
justed, that one point of the gland bear 
equally all round, while the other preserves 
an equal distance. The nex^ object is, to 
adjust the points of the glands so that they 
be both in contact. This may be done 
by chipping and filing, and in that case, 
they will convey themselves all around in 
contact with each other. 

COUPLING IV.— Fig. 6. 

BORING-MILL CLUTCH. 

First Construction. 

218. Fig. 6. represents a boring-mill 
clutch; ABC is a round plate of cast 
iron firmly fixed on the shaft M, next the 
moving power ; D E is a lever connected 
with the boring-shaft N, but which is 
moveable in one direction on a bolt at F, 
so that it may be moved to lay hold of the 
projections H, H, H, H, on the plate ABC, 
which carries round the lever D E along 
with it, and so moves the boring-shaft N; 
by pulling the lever backward, the boring 
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shaft N may be stopped at pleasure. It 
is rdpresented in Fig. 6, No. 1, as disen- 
gaged. 

Observations. 

219. This kind of coupling is applicable 
to such cases only as have the motion very 
slow. Pressing on one side only of the 
centre, although the axes of the shafts 
should not be exactly on a line, there will 
be no lift. For the parts, in that case in 
contact, slide upon one another. 

220. It is found, however, to have a 
great tendency to force the bridges O, P, 
on end. In order to lessen this tendency, 
the projections H, H, should be made as 
far from the centre as conveniency will 
admit. 

COUPLING v.— FxG. 7. 

• • • 

BORING-MILL CLUTCH. 

Second Construction. 

221. This coupling, like the first con- 
struction, has a lever D E, for disengaging 
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and re-engaglog; but instead of being 
hung immediately from the end of the 
shafts turns on a bolt at F in a large cast- 
iron plate I K L. The other parts having 
the same letters of reference as Fig. 6, 
resemble them, and are for the same use. 
There are three spare sets of ears, Q Q, &c* 
(which support the lever near the point of 
pressure) cast on the plate IKL, to be 
used in case of those in action breaking. 

Observations. 

222. The manner in which the lever D E 
is hung in the plate I K L^ at a distance 
from the centre N, and is supported near 
the point of pressure by the ears Q Q^ 
takes the stress entirely off the bolt F^ 
and indeed off the lever D E^ except near 
the ears QQ. 

223. This, therefore, is. evidently a 
stronger and better clutch, and is accord- 
ingly used in boring the larger cylinders, 
whereas, that on..lhe first construction is 
generally used for the smaller kinds of work. 

£ £ 
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. . COUPLING VI.— Fig. 8. 

224. Fig. 8. This coupling is constructed 

,a . • " 

by having two round cast-iron plates, 
A B and C D, of the same size and form. 
Each of these plates has a part F, cut 
out, Fig. S^fghij No. 2, and a projection 
X, corresponding to the part cut out. ,The 
projection of the one plate is inserted into 
the opening in the other, and thus servei^ 
to engage the shafts.* 

Observations. 

225. This coupling is simple and dura-* 
ble. It is in fact a species of glands^ 
(Art. 215.) It affords an excellent mode of 
adjustment. The pivot and hole for fixing 
the plates ought to be round, and the end 
of the shaft turned along with the journal: 

* A slight variation of this coupling has, been found 
a very good (Hie. It consists in making the circular 
heads toothed^ so a^ to fit together ; the teeth being 
wedge shaped. This mode of coupling is not afiected 
by any slight variation or settlement of the bearings, 
and it is very darabie. (Ed.) 
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When the couplings are fitted into each 
oiiier^ care should be taken that those 
parts of the clutch which are opposite 
fach other will take hold together. 

Shafts coupled upon this plan, when 
occasion requires, Are easily moved out of 
their places, independently of each other* 

COUPWNG VII. 

226. Fig. 9y Plate VL represents thecoi/p-^ 
Ung4ink used by Messrs. Boqlton and Watt 
in their portable steam-engines. From one 
of the arms A, of the fly-wheel, projects a 
strong iron pin' P. On the end of the 
shaft. R, which is to be coupled to that of 
the fly- wheel A B, there is a crank C^ 
which has the same length of an arm that 
the pin is distant from the centre of the 
fly-wheel. The pin and^ the crank am 
connected by a link L, so that when the 
fly-shaft moves, it carries round the othec 
shaft R^ along with it. ^ * 

Observations. 

227. This is.a very simple and durable 

* ♦ 4 • 

E £ 2 
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contrivance, and if the two shafts be only 
parallel tb each other, they may work 
with great smoothness, although their axe^ 
should be in different lines, for the links^ 
in that case, move without any twisting. 
But if the axis be not parallel, -or if they 
be not in one Hue, a twist will take pliace 
at the link, which may be injurious. 

The crank ought to be considerably 
longer than those in general use, to pre- 
vent, as much as may be, the continual 
drag on one side of each of the journals. . 

COUPLING VIII. 

228. Fig. 10. represents a couplings 
which is sometimes used to convey motion 
from the fly-wheel shaft A, of a steamt 
engine ; and is so eobtrived, that in case 
the fly should tura the wrong way, the 
mill^work retnains at rest, and so prevents 
accidents. This effect is produce^ by 
means of a joint C, on the arm B, re- 
sembling the joint of a table, or of a pocket 
foot-rule. When the fly-wheel turns the 
proper way, the arm D, upon the end of 



k 
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the fly-shaft, acts against the face of the 
arm B, on the mill-shaft F; and as the 
Joint does not jield in that direction, the 
^mill-shaft is carried round by the. fly-shaft. 
.But, if from any accident, the fly turns 
the wrong way, the arm J), strikes the 
back of the arm B, the join^ yields^ and 
the mill remains at rest« 

Observations. 
229* This coupling may be made suf- 
ficiently durable. Its principles are nearly 
the same as the boring-mill clutch, Fig. 6. 
la the Repertory of Arts and Manufac« 
tures. Vol. II, p. 19) is a description of aa 
alteration on the cattle-mill, to answer the 
purpose of these couplings, in making the 
mill go in its proper direction only. I 
was led to this contrivance frpm the acci« 
dents to which carding machines were 
liable when driven by horses,, and in the 
year 1790 I erected several mills on that 
plan;* I observe it has since been sim- 
plified and applied to thrashing mills. 

* The pUte referred to ia this paper^ wHI serve to 
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General Observations. 



' 230. All other couplings having two 
bearings, that I recollect having seen, 
fr6ni the reasons already given, are at- 
teiided with much friction. From that 
fault, they have in a great nieasure been 
abandoned, and those with one bearing 
substituted. 

231. It is, however, proper here to re^ 
marjc, that although the friction, and ex- 
pence of erection of couplings with one 
bearing, are considerably less than those 
having two bearings, Where the chief ob- 
ject is to convey niotion to a distance, or 
where there is no great weight or lateral 
stress on the shafts, yet all circumstances 
should be duly considered before adopting 
either' plan : for if heavy drums or .wheels 

give fioma idea of the manner in v/hich iniiUwork was 
constructed about the year 1790, in this part of the 
Island. Cast-iron was then but little used in cattle- 
mills. See introduction to Essay Secwid, on the Shafts 
of Mills. 
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are to be placed near both ends of the 
shafts, or any other thing that will occa- 
sion much lateral pressure, it will be ad- 
visable to use two bearings. I shall, in 
the next chapter, proceed to examine 
couplings having ont bearing. 
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CHAP II. 



CLASS IL 
Of Couplings having one Beating. 

SECTION I. 

232. This class of couplings when pro- 
perly constructed, has, to a certain degree, 
the property of being flexible in all direc-* 
tions, like the well known contrivance in- 
vented by Dr. Hook (Fig. 11.) called the 
universal joint. This joint is sometimes 
constructed by a cross, as represented in 
the figure, and sometimes with its four 
pivots fastened at right anglest upon the 
circumference of a hoop, or on the surface 
of a solid ball. The moving parts are 
evidently alike in all these cases. 

233. It is sometimes applied to com- 
municate motion, instead of beveled gear, 
when the angle does not exceed 30 or 40 
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degrees, and where the number of^revolu- 
tioBS ' is to be continued the same ; also 
where equality of motion is not required, 
for as it recedes from a right line, its mo* 
tion becomes irregular. The property of 
the universal joint to which I allude, of 
conveying angular motion, is of great use 
when it can be attained in couplings, in 
order to allow for the inaccuracy which 
arises from the settling of the framing or 
the wearing of the brasses. It need not, 
however, yield further than what is really 
necessary for that purpose, which is so 
litde, that no irregularity of motion that 
can be hurtful in practice can arise. 

234. The disadvantage of the universal 
joint, as represented by Fig. 10, and as 
commonly made, is/ that it has not suf-* 
ficient strength to resist great strains. I 
shall, however, afterwards describe a mo- 
dification of it, well adapted to bear very 
considerable stress, (see Fig. 18. Art. 247-) 

235. Most part of the couplings de- 
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scribed in Chap/ 1, may with some small 
addition or alteration, be converted into 
couplings having one bearing, of this de* 
scription is the square coupling. 

COUPLING IX. 
The Square Coupling. 

236. It consists of a. square coupling- 
box C, Fig. 12, which 6ts a square on the 
end of each shaft. The square of the shaft 
A, is close to its journal.: The square of 
the shaft B is at the end furthest from its 

1 

jourjial. 

In order to support the square of B, and 
keep it oh a line with A, there is a round 
hole D, bored out of the centre of the 
square of B; to fit this hole, there is a 
round projection D, from the square of A* 
Instead of having the projection D, some- 
times there is a hole in the end of both 
shafts, into which is fitted an iron or $teel 
dowel or pin. 

The c6upling-box C, covers both squares. 
It is kept in its place by two iron pins or 
bolts, Gv G, one of which passes through 
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each shaft. These bolts also servfe to keep 
the shafts froin withdrawing from each 
other. 

Observations. 

237* This coupling is used with good 
effect in conveying motion through ist great 
length of shafts^ where there is' but little 
lateral pressure; but where there is much 
lateral pressure, for instance m drum^shafts^ 
which give motion to carding engines by 
belts, it has been found, that the round 
projection and socket soon wear and get 
loose. This fault perhaps arose, from the 
square being too small to admit the pro- 
jection, and the socket to be sufficiently 

« 

large. But though this be a better mode 
of coupling than many in use, yet, the dif- 
ficulty of having the squares accurately 
adjusted is great, as is also the fitting of the 
inside of the coupling-box, from the or- 
dinary mode of casting. For these reasons, 
in many cases it is very liable to lifting or 
straining. 
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238. In Engtand, most of the rollers of 
those machiaes^ denotnioated mti^e^,* for 
spinning cotton, have but one bearing; 
the end of one roller being squared and 
inserted into the end of that next to it, as 
represented in Fig. 13. But as there is a 
great lateral pressure, the end of the roller 
Is liable to wear and become wide, and oc- 
casion a hobbling and inaccurate motion. 
From the accuracy required in mule, nnd 
throstle^ rollers, it is not only necessary 
that the axes be exactly in one line, and 
accurate in their diameters, but also that 

* The muh was invented about the year 1777^ by Mr. 
Samuel Crompton, formerly of Hall-in-the-Wood, near 
Bolton^ in Lancashire^ a person of very great ingenuity, 
and to whom the country is indebted for many other 
'Useful improvements ; this macliine probably received 
its name for having rollers like Arkwright's machine, 
at the same time, that it retained the carriage and spin- 
dles of hand-spinning machines called common jennies. 

In 1769, Mr« Arkwright obtained his patent for 
spinning, and in 177^9 for preparing cotton by ma- 
chinery. 

^ t Throstle^ a machine for spinning cotton, com-- 
pounded from the inventions of Arkwright and Cromp- 
ton. 
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they run true without hobbling or jolting. 
By any method I have yet seen, this is not 
attainable in one bearing; even tliough the 
utmost attention of the most accurate 
workmen has been bestowed to accomplish 
this end. In Scotland, two bearings are 
generally used in the coupling of all rollers* 
employed in spinning cotton. 

COUPLING X. 

Of the Round Coupling. 

239* This coupling having only one 
bearing, is representied by Fig. 13; and has 
similar additions to those of the last de- 
scribed coupling. Fig. 12 ; and which will 
appear sufficiently from the figures, without 
further description. 

Observations. 
240. The observations which were al«> 

1 

ready made on the round coupling with two 
bearings (Art. 2 14, Fig. 4.) are in a great 
measure applicable here, as are those rela- 
tive to lateral stress, in the observations 

»'•.., •■. • , 

(Art. 237.) on Coupling IX. 
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COUPLING XL 

241 • Fig. 14 represeDts a coupling used 
ia several of th^ mills at Manchester. It 
consists of a scarfed joint, (like that used in 
carpentry,) and whep the shafts are engaged,, 
it is firmly bolted, as shefvp in the figure. 

Observations. 

242. It was probably owing to the defect 
relative to lateral stress mentioned in ob- 
servations (Art. 2370 Coupling IX. that this 
contrivance was adopted. But it seems to; 
me to have all the defects attending the 
solid shaft with more than two bearings, 
namely, that it could not for any length of 
time move properly on all its bearings, 
without a continual bending of the solid 
metal, which would occasion a waste of 
power, besides a great risk of breaking the 
shaft. 



J f 



COUPLING XII. 
243. The coupling represented by Fig. 
1 5, Plttto VII. is only a variety of coupling 
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XI. and) therefore, the same observations 
are applicable to this also. 

COUPLING XIII. 

244. That shewn in Fig. 16, may also 
be considered as only another modification 
of Coupling XI, the one shaft being firmly 

fixed to the other by flanches and bolts. 



The same observations are also applicable 
here. 

COUPLING XIV.— Fig. 17. 

245. Has the bearing and the joint of 
the coupling at the same parts of the shaft, 
so that the journal is not solid, but com- 
posed of the ends of each shaft, which are 
there formed into quadrants. Each shaft 
having two projections, corresponding to 
two recesses in the other, one of the pro- 
jections is represepted at A, No. 1. as en-^ 
gaged ; No. 2. represents the coupling as 
disengaged. 

Observations. 

246. This is obviously so bad a contri- 
vance, that I need say little with regard to 
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it. The bad effects of it were lately 
brought under my observation at' an ex-» 
tensive set of calico printing-works. It is 
there applied to drive dash-wheels for 
washing calicoes, and has been attended 
with great trouble and expence; for the 
shafts are very frequently breaking at the 
couplings, and are thus rendered useless. 
Besides, while they do last, the couplings 
thus* formed in the journals, must act as a 
kind of cutters, and produce great friction, 
and tear down the brass. 

COUPLING XV.~FiG. 18. 

247. It consists of three distinct parts, 
A A, BB, and CC; A A and BB are, 
each of them, firmly fixed to its respec- 
tive shaft, and are so formed, that they join 
partly into one another, in some degree, 
like the parts of a common papier mackS 
snuff-box. 

C C consists of a solid ring of cast iron, 
into which is scxewed four strong steel or 
wrought-iron pins D, D, D, D. These 
pins serve to act as the four pivots of the 



ESSAY 111.] ON COUPLINGS. 438 

universal joint' already described in Fig. 
11. 

A A and B £ are so contrived, that each 
of them lays hold of two opposite iron pins, 
the whole combined thus, forming an uhi« 
versal joint. There is a space of about a 
quarter of an inch left between A A and 
B B^ in order to allow the joints to play ; 
and A A and BB are commonly made 
about 14 inches diameter outside* 

There is a small mortise in each pin, td 
receive a cotteril, to prevent the pin from 
coming out in the course of working. - 

In the plate, so many diflferent views of 
this coupling are given, that it ia hoped no 
further description will be required. 

« • 

Observations. 

248. This coupling is somewhat ex pen^ 
sive in its first erection; but it being eyi-» 
dently, as far as is necessary in such a 
coupling, a complete universal joint, from 
its durability and saving of power which its 
pliancy must occasion, it seems to me per*^ 
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haps the best thing of the kind that has jet 
come under my observation. 

COUPLING XVI.-F1G. 19, Plate VIL & VIII. 

249* Is a kind of coupling which has 
been lately executed at Manchester. The 
coupVing-box C is made very long/ and is 
square in the inside, excepting at-DE, 
where there is a kind of partition, with a 
large round hole truly bored in it. Into 
this hole, each of the shafts A and B, are 
accurately fitted. The round part of the 
shaft B, however, is made so long, as to 
allow the liberty of slipping back the coup, 
ling-box, in order to disengage the shafts. 
When engaged, the box is kept in its place 
by the pin fi. H represents the journal. 

Observations. 

250. The principles of this coupling, are 
nearly the same as those of the common 
square coupling, (X.^Fig. 1.) (Art. 210.) but 
the greater length of the box, as' well as 
the greater strength of the round parts in- 
tended to keep the axis true, give this last 
coupling very material advantage. 
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251. This kind of coupling has another 
advantage which the greatest part of single 
bearing couplings have not, viz. When the 
coupling- box is. shifted off, any shaft may 
be taken out, without affecting those ad- 
joining. 

* 

COUPLING XVII. 

I 

252. Fig. 20. Plate VIII* represents a 
coupling used in one^ of the cotton mills 
last erected, and one of the most extensive 
at Glasgow. The external part, coupling- 
box C, is cylindrical. On the inside, the 
parts A, A, A, A project, and are fitted 
into the shafts, which have similar projec- 
tions E, E, E, E fitted into the coupling- 
box. Through the centre of the coupling- 
box, there passes a bolt H H, to keep it in 
its place ; and, at the further ends of the 
fow of lying shafts, they are kept together 
by working against a kind of step formed 
of brass. Were this not the case, two 
boltSt would be necessary in each coupling, 
to keep the shafts from separating. 

p F 2 
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Observations, 

253. The advantages cif this kind of 
coupling, seem to be these two, Ist, The 
projecting parts E, E, &c. can be accu^ 
rately turned and fitted to the couplings 
box. Snd, These projecting parts tending 
to the centre, are strong, and little liable 
to wear. 



SECTION II. 



Of the Couplings of Upright Shafts. 

254. Hitherto we have considered coup* 
lings for lying shafts only/ But of upright 
shafts, little need be said, having in general 
little lateral pressure, they aris seldom 
made with two bearings; so that, by 
placing any one of tbe couplings^ with one 
bearing, already mentioned, in a vertical 
position, an idea will be obtained of the 
mode of coupling upright shafts. 

The square coupling (IX. Fig. 12, Plate 
VI.) for instance, may easily be applied 
to an upright shaft. 
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COUPLING XVIII.— Fig. 2 1 . 

255. A represents the journal of the 
lower sliafty (which is almost always that 
which has the bearing,) B is the loxvtr end 
of the upper shaft, and C the coupling-box. 

COUPLING XIX.— Fig. 22. 

256. A represents part of the under 
shaft, B the lower end of the upper shaft, 
C the journal. The termination of A is 
made square, to correspond with which 
there is a socket . formed in B, which an- 
swers the purpose of a coupling-box. 

Observations. 

257. This coupling is often used for 
light -work, particularly in flour-mills, for 
connecting the feeder with the top of the 
stone-spindle. 

COUPLING XX.— Fig. 23. 

258. A represents the lower shaft, D the 
upper, which is above the journal. Pro- 
jecting and receding quadrants, the same 
as in Fig. 17> serve to connect the shafts. 
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259. This is a very good and simple 
mode of coupling iiprjght shafts. By their 
own weight, together with that of wheels 
that may be on them, the projecting and 
receding quadrants D, D are pressed home 
into their holds, and are not subject to get 
loose in their sockets or clutches, which 
would be the case, were the shafts lying 
horizontally.* 

* A great many other schemes for couplings have 
been introduced 3 most of them ingenious ; but I have 
not examined any^ which are sufficiently simple and 
likely to be durable, to ofifer here as improvements.(Ed.) 
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CHAP. III. 

General Observations. 

260. It may be proper to observe, that 
the larger the parts of the coupling can 
conveniently be made, the better. In other 
words, the further the point of stress is 
from the axis, the couplings mil be the 
more durable. This being a thing to which 
too little attention in practice is paid, it 
will not be improper here, in a popular 
way, to endeavour to explain the reasons 
of this greater durability. 

261. The strain on the point of stress, is 
inversely as the velocity of that point. 
(Essay II.) Now the revolutions being 
the same in a given time, the further the 
point of stress is from the axis, the greater 
will be the velocity of the point, and, con- 
sequently, the less^ the stress. Experience 
has taught this to those unacquainted with 
science ; for every one knows,^ that a hand- 
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spike, capstan-bar, or other similar lever, 
requires to be largest near the fulcrum, 
(or point on which it turns in raising a 
weight,) and may be diminished in propor- 
tion to the distance from the centre of 
motion. 

262. Thus, for example, at two feet from 
the centre, the stress is only one half of 
what it £3 at one foot from the centre. This 
is almost evident to the feeling, from the 
ibrce the hand has to apply at thbs^ dif-* 
fei^ent distances. Now, the Itirger the 
parts are, the stress must be thrown the 
further from the centre of motion, and the 
acting parts will, therefore, be the more 
durable^ Hence also the advantage in 
machinery of having large wheels and 
large pullies. (See Essay I. General OIh 
servatiam on the WheeUWork of MUhy 
Art 74.) : . 

263. It' is also proper to observe, that 
mrhen ' there is a long line of shafts,* the 
couplings, where there is only one bearing. 
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should, if practicable, be so arranged, as 
that the unsupported end of the shaft 
should be as far as may be from the part 
subject' to lateral pressure! For instance, 
in Fig. 21, Plate VIIL the couplings and 
jfournals are better as there represented, 
than had they been at A A, in the middle, 
betweeh the wheels. 

264. The oiling of couplings is found to 
render them more durable. This fact has 
been fully ascertained in one of the most 
extensive .cotton manufactories in Britain, 
in the machinery of which the couplings 
were formerly very liable to weari biit, 
since using oil, they have been fbund suf- 
ficieiitly durable. \ 

265. Since learning the circumstance 
respecting the efiects of oil^ I find, that 
the squares of couplings nearest the jour* 
nals, from accidentally getting oil, are least 
worn. 

266. A fly-wheel is often of use in a 
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](mg Iia6 of coupled shafts ; i may here 
mention^ that, in the vicioity of Glasgbw, 
motion is conveyed from a steam-engine 
by means of lying shafts, to the distance 
of ninety-three yards. When those shafts 
were first tried, from the spring of so great 
a length of shafts, and the plajr of the 
couplings, the motion at the further end 
was so very irregular, that it could not be 
applied to work a calender. A flyrWheel 
near the calender, connected with the lying 
shaft by pullies and .a belt, was resorted 
to as a cure for this eviK This simple 
contrivance had the desired effect ; and the 
calender has ever since given satisfacticm 
in its work. 

A table respecting the din^ensions, stress, 
and durability of couplings is annexed. 
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"267 • Facts respecting Couplings. 



1. 2. 3. 4. 5. 



6. 



A, Cast Iron. Square Couplin^^ 
one bearing (see Coupling IX. 
Fig. 12.) coupling next the steam- 
engine, worn off each angle of 
the square about three-fourths of 
an inch ; the square was origi- 
nally 5 inches ; ttie box 10 iocbei 
long •.•••••••••<• 

B^ Cast Iran. Same line of shafts, 
fiirlfaer on; all things but the 
resistance the same. Some of 
the coupling^ not perceptibly 
worn, others worn off about three- 
eighths €i an inch at the angles 

Cy Cast Iran. Same kind of coup- 
lings as A and B, square origi-. 
nally 6 inches, box 12 inches 

' long, not perceptibly worn • • • • • 

D, Ci^t Iron. Same kind of coup- 
ling, not perceptibly worn 

E, Wrought Iron. Same kind, 
much worn •••••••••• ••• 

F, Cast Iron. Same kind, not wpm 

G, Cast Iron. Worn one half inch 
H, Cast Iron. Not perceptibly worn 
I , Cast Iron • Not peroeptibly worn 
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10 

12 
6 

5 

8 
8 
6 
5 
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.40 



.20 

.44 

.15 

.02 
.24 
.16 
.24 
.12 



Description of the Tables 

Column 1 contains the resistance in horses' 

power. 

Column 2 contains the revolutions per mi- 
nute. 
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Column 3 contains the years at work. 

Column 4 contains the side of the square 

in inches. 

Column 5 contains the length of the box. 

Column 6 is found by dividing the power by 

the revolutions per minute, which 
represents the comparative stress, 
(see Essay II. Chap. IJI.) 

Observations. 

268. These cquplings do not seem to 
have been durable in proportion to their 
stress; but this may be in part at least 
accounted for, from difference of work- 
manship, and of degrees of hardness of 
metal, or perhaps accidentally getting oil. 

II. 

. 269. Two circumstances must mate- 
rially affect the durability of couplings. 
1. The extent of surfaces in contact at the 
place of pressure. 2. The distance of the 
surface of pressure from the centre of mo- 
tion. 

It is probable, therefore, that all other 
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circumstances being the same, the dura^ 
bility of couplings increases in a ratio com* 
pounded of those two circumstances, or 
nearly as the squares of the sides of such 
couplings as have square coupling-boxes. 

Thus, fbr example, B, in the table, is 5 
inches on the side; admitting the above 
ratio to be near the truth, in order to have 
the case A made in proportion to B, it 
should be increased to rather more than 
7 inches, fpr 

The square of 5 is equal to JS5, and as 
the stress on A is double, 25 multiplied 
by 2, is equal to 50, the square root of 
which is 7.07. 

III. 

270. But we may suppose it prudent to 
take a standard somewhat larger than the 
side of B, for all the additional weight of 
the part^ would never be felt hurtful in 
practice ; let us suppose 6 inches therefore 
a proper standard for eight hoifses' power, 
at forty revolutions per minute. 

Then the square of 6 is equal to 36, 
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and 36 multiplied by 2 is equal to 72, tlie 
square root of which 'is 8*5 nearly, or the 
size which the coupling A ought to have 
badv 

IV. 
271. 1 have, in Observations II. and III. 
considered cases in which the revolutions 
per minute were both the same; but I 
conceive, that velocity must materially af- 
fect durability, because the grinding or 
wearing, where there is any play, must be 
increased by an increase of velocity. 

V. 

272. With respect- to durability, coup- 
lings may be considered under two dis- 
tinct classes. 

1. Those having boxes. 

2. Those without boxes, having legs, 
such as glands, &c. 

The durability of the latter class, will 
probably increase, all other circumstances 
being equal, nearly in the ratio of the dis- 
tance of the parts of pressure from the 
centre of motion. For, in glands, the 
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pressure is commonly confi&ed to a small 
space compared with that of coupling- 
boxes. 

Supplementart/ Observations* 

I- 

273. The durability of couplings de- 
pends upon so many circumstances, that 
it is difficult to form general rules with 
regard to ; them. The two circumstances 
already XQeationed, (Art. S699) are im- 
portant, but others merit at least equal 
consideration; the angle which the surface 
makes with the direction of the motion. 
Thus a square coupling will be more du*^ 
rable than . an octagon of the same size, 
becausethe acting surface makes a greater 
angle with the tangent,, to the circle in 
yirhich, the acting part movies. A right 
angle to the tangent, or the radius will be 

the maximum. 

« • • * '. . 

.. « . , • 

II. 

274. The durability of couplings de- 
pends greatly upon the accuracy of the 
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execution. For instance, a well-fitted 
€fquare coupling, will have one fourth, or 
perhaps one third of the surface of each 
side acting. But if fitted as is common in 
practice, they will have little more than 
the corners acting. One half of each side 
is the maximum. 

III. 

275. As square couplings of a large size 
are commpoly fitted, there is so little of 
the surface acting, that I suppose their 
durability will be nearly as the length of 
" the! box, multiplied by the velocity of the 
corners. But if fitted as they ought to be, 
their durability will be as the rectangle of 
the acting parts multiplied by the velocity. 
Or, to simplify the case, (as the ratio will 
be the same,) as the rectangle of the side> 
multiplied by the velocity. 

These observations may perhaps suggest 

It 

matter of useful practical reflection to the 
considerate millwright. 



ON THE 



METHODS 
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ESSAY IV 



PREFACE. 

The subject of this Essay is so intimately 
connected with that of Essay III. on Couplings, 
that in some cases they are really blended j and 
while a contrivance is employed for disengaging 
^nd re-engaging machinery, it also serves as a 
longitudinal connection of shafts. 

In viewing for the first time a cottoii mill, 
few objects attract more attention, or excite 
more pleasing surprise, than the facility with 
which even children stop or set agoing particu- 
lar parts of the mechanism separately from the 
rest. But however curious such things may be 

G G 
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to inspect, it is, perhaps, no easy task, on paper, 
to render them interesting to the reader. Their 
utility, however, in practical mechanics, will, I 
hope, stimulate the inquirer to examine with 
attention, a subject where ornament of style is 
inadmissable, and where perspicuity alone 
should be attempted, and which it is perhaps 
not always easy to attain. 

The plan I have followed in this Essay, is 
similar to that, in Essay III. I mean the de- 
scribing of each method, and making separate 
observations. What I have in the preface of 
that Essay said, relative to the observations, 
is equally applicable here. 

However imperfectly executed, 1 would hope 
the plan of bringing so many inventions into 
one point of view, will not fail to be useful to 
the mechanic, by enabling him more easily to 
compare them,' and more readily to select such 
as may be best adapted to his purpose. 



Glasgow, Jan. 1809; 
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INtHOfiUCTlO]*. 

276. From what has been said respecU 
ing couplings, it may easily be understood 
how shafts may be disconnected when at 
rest. But many cases in practice require, 
that particular parts of a mill must be 
stopped, or set agoing,* without stopping 
or making any sensible alteration on the 
motion of the rest of the machinery. In 
cotton-mills, for instance^ this becomes 

« 

* When any particular part of machinery is set 
agoing, it is said among workmen to be set on, or put 
in gear ; when stopped^ set off, or put out of gear. 

G G 2 



452 OF DISENGAGING AND [essay iv. 

absolutely necessary ; and there can be no 
' doubt, that necessity, in this case, has 
given rise to many most ingenious con- 
trivances. Previously, however, to the 
invention of cotton mills, there were con- 
trivances for this purpose in use; such^ 
for example, as the sack-tackle in corn 
mills. 

277* In order to assist us in forming a 
judgment of the comparative merits of 
such improvements, it may be proper to 
bear in mind, a tendency attached to all 
matter, which is intimately connected with 
practical mechanics, 'but on which daily 
ekperience shews too little attention is be- 

» • ■ > 

B to wed in the construction of machinery. 

The tiendency to which! allude, has; by- 
philosophers, been called inertia/^ (or more 
freque^ntly, though with less proprietyi 

* " A tendeney to preserve in a state of rest or uni- 
form rectilinear motion^ is a property attached to all 
matter, and may be considered as proportional to the 

mas* or weight of a body.'* (Young^s Nat. Phil. vol. i. 
p. 51.) - 
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vk ingrtia*) by which is ^meant, the ten- 
dency which every piece of matter, when 
at rest, has, to remain at rest; and, whea 
in motion, to continue in motion. In 
other words, the impossibility of imtanta^ 
neou$ljf producing motion in a body, or, of 
insfantanetmsly stopping a body in motion. 
It is thii^ tendency, theriefore, that occa-) 
sions those violent shocks in attempting ta 
s6t bodies suddenly into motion ; and thosei 
shocks, besides tending to destroy the ma^ 
chide, occasion a very great loss of power^ 
Some part of the machine must break, or 
at least yield to this potent law. 

« 

[A. 277.] • The practical mechanic, and 
perhaps also the philosopher^ will find ill 
some advantage to dismiss the term inertm 
from the |)lace it occupies in science*> 
When properly understood, it simply in-i 

*. * Fis inertia is. d^&fied by Newton, (Def. 3. Book I.) 
to be a power implanted in all matter, by which it re- 
sists any change endeavoured to be made in its state ; 
that is, by which it becomes difficult to alter its state,' 
cither of rest oi: motion. 
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dicates that matter never changes its state 
unless there be a change in the power or 
powers acting upon it, 
i If 3'ou consider inertia as a pQwer, it 
must be identical with the power of gravity 
JO one case, with the monientum of a body 
in another, with the power of magnetism 
^ HI a third 9 with friction in a fourth, and so 
on throughout the whole of the powers in 
nature; but many writer^ write as though 
k were a real power, and distinct from all 
these^^and consequently lead their readers 
into incorrect notions on the subject. 

It is easily proved, that when a body is 
struck by another in motion, some time is 
occupied -in communicating tbe motion 
from the point struck to theother parts of 
the body; and therefore, if the parts re- 
ceiving the blow have not sufficient elas- 
ticity and cohesive power to destroy the 
whole monaentum of the striking body till 
the motion be transmitted to the centre of 
rotation, it must necessarily break the body 
Struck.* 

* The rules for estiniating the power of materials 
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Hence any part of a machine intended 
to be acted upon suddenly by a moving 
power should be strong but yielding, or it 
may be capable of sliding with much fric- 
tion on the body to be put into motion. (Ed.) 

278. Let us illustrate this by example.' 
Throwing a wheel into gcar^ very often 
occasions the breaking of the teeth, whereas 
a pulley is generally put in motion by a 
belt so gradually, that no part of the ma- 
chinery can receive any injury. In the 
first ca$e> the wheel being firmly fixed on 
its shaft, can yield little to inertia, [the 
moving force^.] In the last^ there is the 
elasticity of the belt, as well as the liberty 
of slipping on the pulley to yield to the 
inertia^ [moving force,] till by its friction, 
the belt gradually brings.it into motion. 

• * », .• ,»• ■, ..if ••■ 

279. This subject naturally divides itself 
into the two following sections : 

under these circumstauces may be fouud in my Prac* 
tical Essay on the Strength of Cast Iron, Sect, VII. 
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. Of Methods used when motion is cbm-^ 
ikiunicated by means of bands, belt», or; 
efaams. 

... • xi. - 1 ... . 

Of Methods when motion is communi- 
cated by meians of wheel- work. 

' \ METHOD I. 

... ... . . . • ' 

T^e Sliding PuUei/.-r-Pio. 1, Plate IX. 

.280, The sliding pulley is one of the 
oldest contrivances for disengaging andi 
re;Tengaging a machine moved by a belt or 
band. The pulley P, ^hich is driven by 
the mill-work, and gives motion to thq 
machine, is not fixed dead on the axle 
A B, but has a hollow cylindrical bush 

* ' «. • 

made pf metal, accurately fitted to the 
axle, so th^t it.may revolve easily upon it, 
and slide a little backward and forward. 
^ la ordter to make the pulley P carry 
round the axle A B, there is a crpss piecQ 
or gland D E firmly fixed to it. On the 
side of the pulley which is toward the 
cross, there is one or more teeth T, when 
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the pulley P is moved toward the cross 
PE, the teeth lay hold of it^ and thereby 
carry round the axle. By sliding it back*; 
ward, though the pulley still continues in 
motion, the ''teeth T are disengaged from 
the cross I) E, of course the apxie stops, 
and with it the machine to which it gives 
motion. 

- - 4 • • 1 

The bush C, of the pulley, projects a 
little upon the side opposite the teeth, and 
has* a groove cut in its outside. Into this 
groove, a lever FG lies, but so as not to 
prevent the motion of the bush. By mov- 
ing the lever F G the bush is moved along 
with it, and thus serves to disengage or re- 
engage the pulley. 

Observations. 

281. For a long time this contrivance 
Was applied to cotton carding machines'. 
The shock, however, proceeding from in- 
ertia^ (Art. 277,) occasioned by the teeth 
striking against the fixed cross in setting 
the machine agoing, was very great, and 
apt to shake the cylinders loose from their 
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axles. This is a very great defect^ and for 
such purposes as I have mentioned other 
methods more perfect are now used. 

METHOD II. 

The Bayonet. — Fig. 2. 

' 282. The pulley or binder A, is kept in 
motion by a belt. It has a bush fiftted to 
the upright axle BC, and runs always at 
the same height. 

' On its upper side, the binder A has 
teeth T, T projecting upward ; above is a^ 
pulley, or other piece of wood or metal 
D £, fixed to the shaft B C, through holes 
iii which passes the legs F, G of the 
bayonet.* 

* Instead of the legs of the bayonet passing through 
holes, a£f here described, it is sometimes made square 
in the inside, so as to fit a square' part ot the shaft ; 
which square answei*s the purpose of the piece of wood 
or mdtai, viz. That of carrying round the bayonet along 
with the shaft. The bayonet has sometimes one leg 
only ; on other occasions it is made like a face-wbcel, 
having a number of projecting teeth or ]egs« Indeed, 
it is almost obvious, that all or most of the contrivances 
which are mentioned in this Essay, must be variously 
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The bayonet is represented by Fig. 2, 
No. 5. It is merely a piece of metal with 
two or more legs, which project downward. 
The part H is made hoHowtOc receive the 
shaft, and has a groove into which I.K fits, 
and the lifter moves it upward or down- 
ward, serving the same purpose as the 
lever FG, Fig. 1. 

Wheti the bayonet is dropped dowp« 
ward, it ' laj's bold of the teeth T of the 
binder A^ which immediately carries it 
round, and thb gives motion to the axle 
BC; all that is required to stop it, is 
merely by hand' to raise the lifter IK, 
which has a spring or catch to keep it in 
that situatiahy until again dropped, by the 
hand of the a:ttendant. 

Observations. 
283. This contrivance is more perfect 
than the sliding pulley, Fig. 1 ; because the 

m 

f 

moditied,' according to ' circumstanqesi or the fancy of 
the artisan.' I have only given the way in which they 
are most generally applied. To give all the varieties, 
%vould be ah almost endless, and, perhaps, useless 
labour. 
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pulley, do^; not require to be sbifted in 
the direction ? of the shaft, which is. often 
ihconvenienty and requires more space. 
Fig. 2p has however the same defect ad 
Fig. 1, of producing a shock at the instant 
when' the machine is put in gear. 

This method is still much used in cotton 
mills. The figure represents oiie of th$ 
upright shafts of a spinning frame. The 
same contrivance is oft6n aipplied to hori« 
zbntal shafts.' ' 

f * • - 

METHOD III. 

Of the Lock Pulley. — Fio. 3. 

284. This method is somewhat similar to 
the last described, but Instead of a bajo-^ 
net, it has a lock at A,' the bolt of which 
B lays hold of the cross C C, which is fixed 
to the axle. The pulley, when disengaged, 
runs oh a bush. K is the key, which is 
turned by means of a stop, which is made 
to touch a cross part on the end of the key. 
l*he turning of the key throws back the 
bolt, and so unlocks and disengages the 
pulley. 
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Observations. 

285. This contrivatice is less simple than 

^ ■ • • • 

the bayonet. Nor indeed hag the lock 
pulley ever been generally adopted; a* 
proof that it has not been found of much 
real use. It was used at Manchester. abdut 
the time that machines, called mules^ foh 
spinning cotton, were begun to be changed 
from being moved by hiaind, to receive 
their motion (as is now genetal).by power. 

METHOD IV. 

. . . "i ■ ' 

The Fast and Loose Pulley. — Fig. 4, ) 

PlATE X. 

286, The pulley B is fixed on the axle 
A, and the pulley C, having a busl;, i& 
loose. The belt or band which conveys 
the motion, may; at pleasure, either by 
hand, or by a lever, be shifted from the 
one pulley to the other. When runqing^ 
on the lo6se pulley C^ the axle stands still;: 
when on the fast pulley B, the axle moves. 

No. If represents the pulleys as adapted 
to a belt. 
'■ No. 3, represents the pulleys as made. 
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for a rope. The inner ledges are made 
Iqw, in order that the rope may slide with 
tl>e greater facility from the one to thcj 
other. 

Observations. 

287. It may be proper here to mentiionv 
that, in order to^make a belt rUn properly 
on a pulley, it is necessary to have the rim 
of the pulley a little rounded . or swelled ia 
the middle. The belt. always inclines ta 
that part of the pulley which is of greatest 
diameter. This curious property is found 
of great practical use. Until this property 
was known, it was found very troublesome 
to get belts prevented from slipping off 
the pulleys. 

288. This contrivance, of the fast ai^d 
loose pulleys, is remarkable for its beautiful, 
simplicity. It is attended with no shock, 
and is perhaps the most perfect thing yet 
invented for the purpose, in all cases where 
it can be applied. 

Its application in cotton mills is now 
general. Never, until it was applied, were 
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the spinning mules found to give satisfac* 
tion, when moved by power. They are 
now, however, almost exclusively wrought 
by power. This improvement has not only 
produced a great saving of labour, but has 
been attended with another very pleasing 
eflfect. It has rendered the employment 
of the spinner more healthful than when 
-moved by hand. The severity of the hand- 
labour in a warm and confined atmosphere, 
had a very unfavourable effect on the con- 
stitution. 

METHOD v.— Fig. 5. 

289* The un(^ermost axle A B is kept 
by the mill in constant motion. The up- 
.permost axle CD has a bridge at D, in 
the form of a lever, in order to raise or 
lower it at pleasure. When the end D of 
the shaft is raised by means of the bridge, 
the chain or rope E E is tightened, which 
causes the axle B to move. But when D 
is lowered, the chain falls slack below the 
pulley, od the lowermost shaft A, and thus . 
disengages the shafts. 
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,. • • . • ''"';,: ' , ' ' ' ■ . : 

Observations. 

f • " . , . ■ . 

1290. This very simple contrivance is use^ 
in some parts of England 5 in corn mills, 
for the sack-^tackle. It is evidently appll* 
enable to many other purposes ; and it ^ 
obvious, that E F may be either a belt, ^ 
rope, or a chain. A chain is conimonly 
used when applied as a sack-tackle. In 
that case, the rope or chain, for taking 
,up the sacks, is wound round the barrel 
on the axle CD. 

■ » « , ■ 

SECTION II- 

Of the Methods used when 3fotion is con- 
veyed hy means of Wheel Work. 

291- When a mill is in motion, we may, 
with perfect safety, lift a wheel ot^^ of gear; 
but in throwing wheels into geoTy when a 
mill is in motion, there is great risk .6f 
breaking the teeth ; it is, nevertheless, often 
done. Cotton, spinners know from experi«- 
€nce, that the risk oi breaking the teeth is 
much lessened when the wheel to.be thrown 
into gear is previously set in xxiotion by the 
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hand. This they do by pulling the shaft 
round by the belt. The reason is obvious. 
The inertia is lessened by this motion given 
by the hand to the wheel vehich is to be 
thrown into gear. 



METHOD VI.-FiG. 6. 

292. Wheels are often disengaged and 
re-engaged by means of one of the bridges^ 
A B, which carries the end of the shaft 
nearest the wheel, acting as a lever, having 
its fulcrum A at one end. The other end 
B is moveable in one direction, and is 
raised or allowed to fall, by turning the 
key C D ; when out of gear the bridge 
rests securely on the end of the key, as re- 
preseoted in No. 2, Plate XI. No. 1, re- 
presents the wheels in gear. 

Sometimes the bridge is raised immedi- 
ately by hand, sometimes by a rope and 
pulley; in these cases it is held out of 
gear, by interposing a wedge instead of 
the key, or by a catch under the end of 
the bridge. 

II H 
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Observations. 

293. This mode of disengaging wheels is 
sometimes inconvenient for want of room ; 
it has, however, the advantage of having 
the wheels firmly fixed on the shafts. In 
falling into gear the ends of the teeth are 
apt to strike against one. another^ and there 
is often a violent shock from the inertia. 

In the figures, the wheels are represented 
the one above the other ; but the same con-> 
trivance is modified, and applied, when 
they happen to be in any other relative 
situation.* 

METHOD VII.— Fig. 7, Plate XL 

294. Instead of lifting wheels out of gear, 
in order to disengage any piece of mecha- 
nism, one of the wheels, instead of being 
fast on the shaft, has a round bush like a 
loose pulley, and a clutch, or bayonet, 
which connects it with its shaft, in a simi- 

* The motion of the wheel^ as it falls into gear^ 
should be in the same direction as it is afterwards to 
move in; which will lessen the shock considerably. 
(Ed.) 
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lar manner with the bayonet and binder, 
Fig. 2. 

Thus the wheel A, Fig. 7, No. 1, has a 
bush, and works on a round part of the 
shaft B. The clutch D, may slide on a 
square part of the same shaft, and is dis* 
engaged or re-engaged at pleasure, by 
means of the lever E F, part of whick is 
represented as cut off, in order to shew the 
groove in the clutch into which it acts. 

No. 5, is an elevated section of the lever 
EF, shewing its connection with the clutch 
D, by means of two iron pins G, G^ screwed 
into two sBps of iron H, H, which £t the 
groove, and are not affected by any oblique 
position the lever may have^ 

Observations. 

295. This contrivance is sometimes made 
more convenient than is shewn in Fig. 7> 
by occupying less space ; and although it 
is subject to a shock at setting on^ yet it is 
not so liable to break the teeth as in Me- 
thod VI. . 

H H 2 
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METHOD VIII. 
The Friction Clutch.— Fiq. 8. 

296. This figure represents the friction 
clutch ; it differs from the bayonet (Me- 
thod II.) in this respect, that instead of 
striking on a fast cross, the bayonet or 
clutch, lays hold of the ears of a screwed 
hoop, which embraces a kind of drum. 

A B represents part of a shaft kept in 
motion by the mill ; C D E a bayonet, 
which either slips on a square part of the 
shaft A B, or passes through the arm^ of a 
cross PQ, (as represented in the figure,) 
which cross is fastened to A B. 

FG is part of a shaft to be connected 
with the shaft A B ; upon F G a kind of 
drum or pulley H I K is fastened ; this 
pulley has ledges to keep the screwed hoop 
L M N O steady. 

In setting on the machine, the hoop 
L M N Q is carried round by the Bayonet 
or clutch C D E, and by the friction of the 
hoop on the drum H I K, brings it into 
motion, in the same easy and gradual 
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-maDder that a belt does a machine driven 
by a pulley. 

The hoop, as represented in No. 3, Plate 
XII- from acting more perfectly as a spring, 
is found to answer better in practice than 
that represented in No. 1. and No. 2. 

Observations. 

297- There is a great deal of beauty in 
this ingenious contrivance, it may be ap- 
plied to the largest machinery, and vari-* 
ously modified according to circumstances.* 
It is obvious that it prevents all the iin-> 
pleasant and hurtful shock so common in 
throwing heavy machinery into gear. 

It may also be the means of saving lives, 
for should a person^s clothes be l^id hold 
of by the wheel-work, in most cases the 
hoops would slip on the drum, and allow 
that part of the machinery to stop, without 
sensibly altering the general motion of the 
mill. It may, in this way too, prevent 
injury to the mill itself, which might arise 

* Thus, for instance, it may be applied to the wheel 
and clutch. — Fig. 7. 
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from behs gettiDg foul, or irom chips falling 
in among the teeth of the wheel-work. 

The frieticm dutch has been lately ap- 
plied to frames for spinning flax, and it 
jseems to me, might also, with great advan- 
tage, be applied to frames for spinbing 
cotton water-twist. 

METHOD IX. 
The Friction Cones,, — Fig. 9» Plate XII. 

298. This contrivance is siKrilar in its 
principles and effects to the friction clutch. 

On the shaft A (kept in motion by the 
mill) there is fixed a hollow cone H ; on 
the shaft B is another cone £, the external 
part of which fits the internal part of H ; 

E is, however, moveable like a bayonet on 

' ■ * ' • • 

a square part of the shaft B, and may be 
moved outward and inward also like a 
bayonet, by a lever. 

When E is moved forward, it rubs on 
the hollow part of H, and by friction, like 
the friction clutch, gradually brings the 
machine connected with B into nation. 
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Observathns. 

29d« Sometimes there is added a bay- 
onet^ passing through a hollow cone, which, 
should occasion require, gives liberty to 
lock the shafts quite fast into one another^ 

The friction cones are sometimes ap- 
plied to sack-tackles, oue of them on this 
this construction may be seen at Messrs* 
Meux's brewery. 

METHOD X. 
Wheels acting hy Friction. — Fig. 10. 

300. Sometimes wheels are made to act 
without teeth, as represented in the figure ; 
they move one another by contact, having 
their circumferences generally made of end 
grain of wood, which may indeed be con- 
sidered as forming indefinitely small teeth. 

It is evident, that wheels of this kind 
may work with little noise, and be put into 
ge^tr, and bear against one another without 
risk of damage. They are commonly dis- 
engaged and re-engaged by a bridge, ac- 
ting as a lever, on similar principles as de- 
scribed in the case of Fig. 6. 
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ObservQtions, 

301. This species of wheel work has 
been used with good effect in machinery 
for raising coal ;• it is also used, in some 
cases, in cotton-mills ; and has, for a num- 
ber of years, been employed in a saw-i&ill 
by Mr. Taylor of Southampton. "This 
^* principle and method of transmitting 
" mechanic power,*' as Dr. Gregory justly 
observes, " certainly deserves attention/'* 

METHOD XL— Fig. 11. 

302. The figure represents another ap- 
plication of friction in transmitting mecha- 
nic force, but instead of the friction being 
on the hem of the wheel, as in Fig. 10, it is 
here applied to the sides of the wheel. . 

The mode here represented, is success- 
fully put in practice, in a tackle for raising 
and lowering sacks in a respectable brew- 
house in London. A is the axle which 
gives motion to the tackle, upon which is 
the friction wheel B ; upon the axis a are 

* Gregory's Mechanics, voL ii. page 496. 
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the friction wheels C^ D^ and the roller E, 
round which the rope winds. The end of 
the axis a runs in a socket in the end of 
the axis A ; the other end, in the brass^ is 
in the post /• In raising the sacks, the 
wheel G is kept fast against the i^heel 

• • • 

B, by the lever 6, .and catches c c. 

For lowering sacks, the wheel D is kept 
against the wheel F, by the lever h and 
weight d going over the pulley e, and a 
inan holding the line g in his hand, makes 
the friction of D upon E more or less, as 
is necessary. , 

Observations. 

303. This is a very ingenious and simple 
machine, and as its principles might be 
applied in other cases, it is well worth the 
attention of the mill-wright. 

METHOD XII. 

Self-disengaging Coupling. — Fig. 12. 

304. A represents a shaft, kept in mo- 
tion by the mill; BC a cast-iron wheel 
fast on the shaft A, having four projecting 
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teeth, P, D, &c. of wrought iron ; E F, is 
another similar wheel j with similar teetb^ 
G, G, &Cf but is loose on the shaft H, and 
is made to slide on it, and to act as a kind 
of bayonet. (Method II.) The teeth pro- 
ject obliquely, as may be seen in the figure. 

When the coupling is engaged, the teeth 
lay hold of one another, and the shaft 
H, is, by their means, carried round with 
the shaft A, but when any extraordinary 
stress comes on the shaft H, the pressure 
on the oblique teeth forces back the bay^ 
onet EF, and disengages the coupling. 
IKL, is a bended lever, having its ful- 
crum at K, the bayonet is kept forward by 
the weight of the part M K, of the lever, 
during the ordinary stress on H. 

When the bayonet E F, is forced back, 
the lever is held up by a catch, until the 
coupling is re-engaged by the hand pf the 
attendant. The coupling is represented in 
the figure as disengaged. * 

* In order to succeed in producing this effect^ tbe 
angle BAG must be somewhat greater than would 
cause tbe surfaces to slide upon one another, when acted 
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Ohsertations. 

305. This coupling, as it prevents acci- 
dents from any sudden stress, is found very 
useful where turning lathes are driven by 
wheel- work. 

Some good instances of self-disengaging 
apparatus may be seen in looms driven by 

npoD by a pressure in tfae direction D E, perpendicnlor 
to A C. Then, when ttie machine is in motion tbey 
wonld actually slide apart^ were it not for the friction 
on the shad, and the weight of tiie lerer. 

If the angle B A C Ijc less than the angle which 
would cause the bodies to slide, the (^upliog would not 
disengage itself by any force whatever. 

According to Coulomb's experimcDts (see Brewster's 
Additions to Ferguson's Lectures, vol. ii. p. 155,) the 
friction of iron on iron is about one fourth of the pres- 
sure, hence the angle BAG should he greater than 
15 degrees; othenrise the coupling will not disen- 
gage. (Ed.) 



"^1 , 
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power. Respeictiiig these machines, I beg 
leave to refer the reader to Mr. John-Dun- 
can's Essays on Weaving, as also to the 
Edinburgh Encyclopaedia, now publishing 
by Dr. Brewster.* 



* It will always be found, that, in engaging by wheels, 
the teeth will be less liable to be stripped in small 
wheels than iix large ones; because in small wheels 
the stroke ^^^ll be made with a less degree. of velocity, 
and also a small wheel requires less force to put it in 
motion; hence a small and light wheel with strong 
teeth will seldomer fail than a heavy one. Perhaps the 
best arrangement will be when the wheel in constant 
motion is small, and that to be occasionally put in mo- 
tion a larger one, with elastic arms. These elastic arms 
might be made in the* manner of coach springs. (Ed.) 
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PREFACE. 

This Essay relates to Machinery not less cu- 
rious in its construction than useful in practice j 
and, as some of the apparatus is intimately con- 
nected with water-wheels, I hope the papers 
which are subjoined, containing an account of 
some experiments'^ and observations on their 
velocity, will not be unacceptable to the reader. 

* An account of these experiments was originally pub- 
lished in the 10th volume of the Philosophical Magazine 
p. 178. 
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FOR EQUALIZING THE MOTION OF MILLS, 



8sc. 



INTRODUCTION. 

306. When a part of the machinery of 
a mill is suddenly stopped, or suddenly set 
a-going, and the moving power remains 
the same, an alteration in the velocity of 
the mill will take place ; it will move fai&ter 
or slower. Every machine having a cer- 
tain velocity at which it will work at greater 
advantage than at any other speed, the 
change of velocity arising from the above 
cause, is in all cases a disadvantage, and 
in delicate operations exceedingly hurtful. 
In the case of a cotton-mill, for instance^ 
which is calculated to move the spindles at 
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a certain rate, if from any cause the velo- 
city is much increased, a loss of work im- 
mediately takes place, and an increase of 
waste from the breaking of the threads, &c. ; 
on the other hand, there must be an evi- 
dent loss from the machinery moving too 
slow. 

In steam-engines this evil is remedied by 
a contrivance called a got^erwor. (Plate XIII. 
Fig. 1.) — ** Two balls are fixed to the ends 
of rodsj in continual revolution, and as 
soon as the motion becomes a little too 
rapid, the balls rise considerably, ''and, by 
the intervention of a lever, act upon a 
throttle-valve^ which diminishes the quan- 

^ Jl f/^fottle'Valve is formed by a plate of metal^ 
which is fixed on a $pi^dIe:passing^ucro^s. the, middle 
of it. When the edge of this round metal plate is in 
the direction of the current of steam, the aperture is at 
its greatest extent of opening; and as the plate becomes 
more oblique the opening becomes less^ until it is shut 
by the. plate being at dght angles to the current. 

The pressure on both sides the spindle being the 
same, this kind of valve is opened or shut with more 
ease than any other j and is, therefore, very applicable 
here. It is not easy to make it quite steam-tight when 
shut, but its tightness is not of consequence in thisciuse. 
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tity of steam admitted, and of course serves 
to make the motion less rapid. 

SECTION I. 

The Steam-engine Governor. — Fig. 1. 

307. I K represents a spindle kept in 
motion by the engine ;• . A, B the centrifu- 
gal balls ; C A and C B the rods by which 
the balls are suspended, l^hese rods cross 
one andther, and pass through the middle 
of the spindle at C. There is a round pin 
put through the spindle and the rods at C, 
which, serves as the point of suspension for 
the centrifugal balls or revolving pendulum. 
There is a part of the spindle above C, 
which is square, and nicely polished, so 

« 

thai the piece of brass M may slide easily 
up and down upon it The piece of brass M 
is round on the outside, and has an external 
groove turned upon the upper end of it 
to receive the lever NO, the fulcrum of 

^ . : . ... • • • ^ 

• This motion is sometimes produced by a rope and 
pulleys, but wheel-work being more certain^ is much 
to be preferred, 

I I 
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which is at P, This piece of brass is con- 
nected with the ball-rods by two short 
pieces and joints D E, F G. 

The construction of steam-engine go- 
vernors sometimes differs a little from that 
now described ; but if this particular con- 
struction be understood, there will be ho 
difficulty in comprehending any other in 
use. 

OPERATION. 

308. When the engine goes too fast, the 
balls fly off from the spindle, and depress 
the end N of the lever, which partly shuts 
the throttle-valve, and thereby diminishes 
the quantity of steam admitted into the 
cylinder ; and, on the other hand, when 
the engine goes too slow, the balls fall 
down toward the spindle, and elevate the 
end N of the lever, which partly opens 
the throttle-valve, and thereby increases 
the quantity of steam admitted into the 
cylinder. 

"S. ' 

I ■ 

309. This apparatus being of great prac«- 
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tical use, and as it is applied to other pur«- 
poses which I am about to describe, it 
may be proper here to give a rule for the 
number of revolutions which the spindle 
IK ought to make, in proportion to the 
situation of the balls with regard to the 
centre of their suspension C. 

In order to explain this rule, therefore, 
it is proper to observe^ that " there is a 
great analogy between the vibration of 
pendulums and the revolutions of balls 
suspended from a fixed point. If a body 
suspended by a thread revolve freely in a 
horizontal circle, the time of the revolution 
will be the same whenever the height of 
the point of suspension above the plane of 
revolution is the same, whatever be the 
length of the thread/' Thus, if the balls 
A, B, C, Fig. 2, be made to revolve, they 
will arrange themselves so as to remain 
very nearly in the same horizontal plane. 
" The time of each revolution of the 
balls is equal to the time occupied by a 
double vibration of a pendulum, of whicK 
the length is equal to the height of the 

I 2 



\ 
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point of suspension above the plane in 
which they revolve. 



»'♦ 



310. Thus, for instance, if the height of 
the point of suspension D, Fig. 2, above 
the plane on which the balls revolve, be 
equal to the length of a pendulum which 
vibrates seconds, the balls, in that case, 
should make 30 revolutions per minute. 

311. If pendulums are of the following 
lengths, their oscillations in one minute ot 
time, in Britain, are as follow : 

4 

Britiih Feet and lodxt, OscUlMiom. 

, « Feet .... Inch, 1*565 soo 

O 9'782 120 

3 .....3'128 60 

13 0*512 SO 

52 2*048 15 



« 



312. '* Hence the oscillations of pendu- 
lums are in the subduplicate ratio, or as 
the square roots of their lengths ; an'd the 

lengths of pendulums are in the duplicate 

«... 

^ See YoQDg's Natural Philosophy, vol. i. p. 47. 
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ratio, or, as the squares of their oscillations. 
In order to find the length of a pendulum 
"that will oscillate a certain number of 
times in a minute, make this proportion :''* 
as the square of the given number of oscil- 
lations is to the square of 60, or the num- 
ber of seconds in a minute, so let the 
standard pendulum, or 39128 inches, be 
to the pendulum sought. 

Example. — Required the length of a 
pendulum which will vibrate 20 times per 
minute. 

20x20= 400 ^^ = ^^^ • • ^ ••^•^^® • ^^•''*-^^ 

the length required. 

SECTION II. 

313. In a wind-mill, when the velocity 
is increased by the irregular action of thfc 
wind, the corn is sometimes forced rapidly 
through the mill without being sufficiently 
ground. There is an elegant contrivance 
for preventing this, (similar to the governor 
of a steam-engine,) but which I believe 

* Anderson's Institute of Physics, vol. i. p. 250. 
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was much earlier in. use^ called in some 
parts of England a Lift-Tenter. ^* By 
means of the centrifugal force of one or 
more balls, which fly out as soon as the 
velocity is augmented, and as they rise in 
the arc of a circle, allow the end of a lever 
to rise with them, while the opposite end 
descends with the upper milUtone, and 
brings it a little nearer to the lower one/'* 
ThiiS machine is curious, and might per- 
haps in other cases be usefully applied. I 
shall, therefore, describe two constructions, 
but both on the same principles. 

Lift-Tenters for Wind-Mitls. 

FIRST CONSTRUCTION. 

314. This machine, and part of the stone- 
spindle and framing with which it is con« 
nected, are represented in Fig. 3, Plate XIII. 

To the stone-spindle there are fixed four 
arms A, A, A, A, there are four similar 
arras B,B, B, B firmly attached to the 
hollow cylinder C, which is loose on the 
spindle F G. 

* Young's Nat. Phil. vol. i. p. 233. 
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The pendulums D, D,DiD are hiing 
above, to the arms A, A, A, A, and through 
holes toward their lower extremities pass 
the arms of the loose cylinder. 

When the mill is at rest, the pendulums 
hang vertically; but, by thfeir centrifugal 
force, when the mill is in motion they hang 
obliquely; and that obliquity is increased 
in proportion to the velocity, and propor- 
tionately raises the loose cylinder C. 

This cylinder C acts on the one end of 
the lever E, which has a connection with 
the clove upon which the bridge of the 
stone spindle rests,' and accordingly raises 
or depresses the upper millstone id pro- 
portion as the wind is weak or strong. 

SECOND CONjSTRUCTlON. 

315. Another modification of the same 
principle, (applied above the mitt-stones 9) 
but having one pendulum only, is repre- 
sented by Fig. 4, and will be easily under- 
stood from what has been said respecting 
the First Construction. 

These lift-tenters are drawn from sketches 



48a ON EQUALIZING THE [bbsay vi 

tvhich I took in the ifkeighbburhood of 

Liverpool in the year 1790. 

... , t • . . . ' ■ 

SECTION III. 

3 16. Governors are sometimes applied 
to water-wheels, and made on various con* 
structtons. Smiths* bellows have been ap-* 
plied to that use, the upper board rising or 
falling in proportion to the velocity of the 
lower board, which received its motioa 
from the mill. But those I am about to 
describe, appear to me on better principles; 
and as they have been found of very mate-; 
rial use, I shall proceed to describe a con-^ 
struction which has for several years been 
at work in Cartside cotton-mill, which was 
erected under the direction of the late 
Robert Burns, Esq. (of whom Professor 
Robison makes respectful mention in the 
Encyclopaedia Britannica, art^ Water- 
works,) and which has there given great 
satisfaction,* I shall afterward describe 

^ « 

* In a letter which I had from Mr. Burns, dated Fe* 
bruary 1808, he writes to the following effect : 

** The governor b the most useful thing for a water 
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some- otheir similar tDiachines for the same 

use. 

' I, " - .. ■ 

Water-wheel Governor. 

FIllST CONSTRUCTION. 

317. Tbe priociples of this kind of water- 
wheel governor are nearly the same as 
those of the governor of a steam engine. 
It has a revolving pendulum which receives 
its motion from the mill, and in proportion 
as the machinery moves faster or slower, 
the centrifugal force acts upon the gover- 
nor, and raises or depresses an iron cross, 
which, acting on a lever, reverses the mo- 
tion by the wheel work, which operates 
upon a sluice so as to enlarge or lessen the 
passage of the water to the water wheel; 
this sluice is made on the principles of the 
ihrottle^valve already described, Art. 306, 

• wheel that can possibly be thought of, and I wish you 
would adopt it in your practice wherever you desire to 
make your employer prosper. I am 'sure it is worth a 
large sum to us at Cartside mill, from its keeping up 
the speed of the machinery, and not deviating the year 
round." ^ 
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in order that it may be moved by a small 
power. So long as the machinery is moving 
at a proper velocity, this wheel work of the 
sluice apparatus remains at rest. 

Fig. 5 represents diflferent views of this 
machine, and some of its parts detached. 
The same letter in all the figures refers to 
the same part. 

The revolving pendulum EFGH rei- 
ceives its motion from the mill-work by 
means of a rope giving motion to a pulley 
I. The upright shaft M N is kept in con- 
stant motion by the wheel work P R S. 
The wheel N acts^ coQstantly into the two 
bevelled wheels T and U, and makes them 
move in contrary directions. They are 
loose on the shaft when the mill is going at 
its proper speed. 

But if the mill moves either too fast or 
too slow, the one of these wheels, by means 
of a clutch Q, in a way to be described, is 
connected with, and carries round, the 
lying shaft D C, and, by a pair of bevelled 
wheels, communicates motion to the oblique 
shaft B W ; which again, by a screw X, 



ESSAY V.J MOTION OF MILLS. 491 

and quadrant wheelY, moves the sluice 
Z, and, by making it stand more or less 
oblique, alters the area of the passage for 
the water. 

From inspecting Fig. 5, No. 1, it will be 
evident that the box a, will be raised or 
depressed in proportion aa the balls E and 
F, of the revolving pendulum E F G H, 
are further or nearer to the centre of mo- 
tion ^ when the velocity is greatest, the 
balls E and F, by their centrifugal force, 
will extend themselves farthest from the 
centre of motion, and raise the box a. See 
also Fig. 5, No. 2, No. 3, and No. 4. 

To the box a is fixed a cross be. . There 
is a forked lever dqe^ the fulcrum of which 
is at/, and which turns horizontally. This 
forked lever has four prongs 1, 2, 3* 4. 

When the mill is at its proper speed, the 
cross works within the prongs 1 and 2 ; in 
this situation of the forked lever, the clutch 
Q is disengaged from both the wheels T 
and U, and they move on their bushes 
without carrying round the lying shaft. 
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Tbe clatch is made to s^lide on a part of 
the shaft which is square. 

When the mill goes too, quick, the cros? 
gland is raised, and, in turning round, 
strikes the . prong 3, which immediately 
causes the lever to throw the clutch into 
the arms of the wheel U, which then carries 
tlie clutch and shaft round with it; and 
by the means already described, acts on 
the sluice, and by lessening the quantity 
of water falling on the wheel, diminishes its 
speed. , 

On the other hand, when the mill goes 
too slow, the cross is depressed, and, strik- 
ing the prong 4, reverses the motion of the 
shaft, and so produces a contrary effect on 
the sluice. 

318. It may be proper to remark, that 
the train of wheel work is so calculated as 
very much to reduce the motion at the 
sluice, and it is found from experience 
that this is necessary. Were the area of 
the aperture too suddenly changed, the 
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effect on the water wheel would be too 
violent. Every time the mill is stopped, it 
is proper to lift the wheel R out of gear. 
The centre on which the sluice turns should 
be one third of its height from the bottom, 
in order that the pressure of the water 
above the centre may balance that be- 
low. 

At m there is an upright shaft, which is 
worked by hand when required. 



Water-wheel Governor. 

SBCOND CONSTRUCTION. 

319* Fig* 6, represents a sluice regulator 
as executed in some parts of England. It 
differs little from that already described', 
only that the lying shaft A B receives it$ 
motion immediately from the mill, instead 
of frotn the axle of the revolving pendulum', 
as in the first construction (Art. 3 17-) From 
having so minutely described that construc- 
tion, it is hoped that the attentive reader 
will find no di^culty in comprehending 
Fig. 6, from inspecting the plate. . 
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/ 

Water^whed Governor. 

THIRD CONSTRUCTION. 

320. Fig. 7, Plate XV. represents a water- 
wheel governor of a vefj simple construc- 
tion, differing from the foregoing in this re- 
spect, that it communicates most part of its 
motion by bands and pulleys instead of 
wheel work. The motion is reversed by the 
simple means of having one of the pulleys 
,A with an open band^ and the other B 
with a cross band. 

Observation. 

It is proper to observe here, however, as 
was already done with regard* to the go- 
vernor of the steam engine, that wheel work 
is much to be preferred, in point of certainty, 
to bands and pulleys. 

Water-wheel Governor. 

... FOURTH CONSTRUCTION. 

32^1. This construction is represented in 
Figure 8. The revolving pendulum AK 
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L M is kept in constant motion by the 
water wheel. 

A, A, two wheels fixed on round sockets 
upon the governor spindle. 

B, a clutch upon a square part of the 
spindle^ (or, what might be better^ a round 
with a. feather upon one side ;) C, a gland 
to connect the clutch with the sliding part 
Ky of the governor, which has a groove to 
receive it like that of a bayonet. (See 
Essay IV^ Art. 282 ;) D, a piece of iron 
which prevents the gland from turning 
round, and for keeping it from flying off; 

E, a wheel working into the wheels A^ A ; 

F, an endless screw upon the same axle with 
the wheel E ; G, a wheel upon the same 
axle with another screw H, which acts into 
the quadrant I, upon the sluice. 

The operation of this ingenious appara- 
tus, from what has been said of the other 
constructions, will, it is hoped, be suffici- 
ently clear. This governor was designed 
by Mr. James Carmichael, millwright, now 
of Dundee ; but it has not, that I know" of, 
ever been put in practice. 
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Water-wheel Governor. 

FI^H CONSTHUCTION. 

322. From the wspection of Fig. 9, and 
\vhat has been already said respecting 
water-wheel govemorsi this particular con-' 
struction will doubtless be easily compre- 
hended. I need only mention that the 
wiper A, by means of the fotked lev*r 
B D C, acts on the clutch E. The rest of 
the movements resemble those of the first 
construction (Art. 3170 

This apparatus, remarkable for its neat- 
ness and simplicity, was constructed by 
Mr. Hewes of Manchester.* 

' ♦ A simple, and not a very expensive apparattis for 
equalizing the exertion of horses in thrashing machines^ 
is described in the art. Agriculture, Supplement to 
Ency. Brit. p. 200; and in Brewster's edition of Fer- 
guson's Lectures, p. 201, vol. ii. (B(l.} * 
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1 

. On . iht Vehoity of Water Wheels, by Mr. 
Robertson Biiohamtn^ Engirkeer z communis 
cated in a Letter to: the E4itor of the JPhilo-^ 
sophical Magazine. 

Utk of August^ 1801. 
DEAR SIR, 

The, accQinpanying. paper was read in 
May J799sio a Philosophical Societj at, 
Edinburgh. I offer it to you with diffi- 
dence, knowing that it contains things con- 
trary to received o^pinions; Having, how-^ 
ever, made no wilful error, if you think 
proper to publish it in your Magazine, it 

^ K K 
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may induce those who have leisure and 
abilities to enter more fully into the inves- 
tigation of the subjects I am, dear Sir, 
your very humble servant. 



Robertson Buchanan. 



Mr. Tilloch. 



323. There are many cases in which it 
is of importance to know the proportion 
of power necessary to give different de- 
grees of velocity to a mill.* But as the 
construction of mills, and the purposes 
they serve, are various, it is perhaps im- 
possible to find any law of universal ap- 
plication. Mr. Banks in his Treatw on 
Millsy\ has drawn a conclusibn, which he 
appears to consider as invariable, namely, 
that '* when a wheel acts by gravityj its ve- 



f .it 



* ' - 



■*• It was a scarcity of water for the. Rothesay mills 
which directed my attention particalarly to this sub- 
ject. . , 

t See Banks on Mills, p. 1?, 18^ 144, 145, 146. . 
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locity will be as the cabe rootoFthe quan*^ 
tity of water it receives/'/ 

But if we suppose a wheel raising water 
by means of cranks and pumps, on Mr. 
Batiks's principle, it might easily, I think, 
be demonstrated, that, by reducing the 
velocity of the wheel to a certain degree, 
the wheel would raise more water than 
would be necessary to move it at that ve-* 
locity ; a thing evidently impossible. 

In this view, it would seem there is no 
actual case in which -Mr. Banks*s conclu* 
sions will hold true. But, however they 
may apply to other mills, the experirbedts 
which I am going to mention seeni to me 
to prbve, at least that they do not apply to 
cotton mills* On the ground of these ex-i 
perim^nts, made at different! times, and 
with' all the attentioa in my power, (and 
not from any abstcact consideration,) have 
I presumed . to .call in question an autho* 
rity for which I entertain the highest re- 
spect. 



. » . 



324. In January 1796 I measured the 

K K 2 
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quantity of water the old Rotbfisay CQttQfl 
mill required : 1st, When going at its. c(uni 
naon.velocity ; and SHdly, When going at 
half that velocity. The result wa3^..tha| 
the last required just half the quantity .of 
water which the fir^t. did, It is to be olx 
served, that in these experimeQts the 
quantities of water were calculated from 
the heads of water and apertures . of the 
sluices. ; 

From these experimeats I inferred, ^* That 
the quantity of water necessary to be em- 
ployed in giving different degrees of velo- 
city to a cotton njill, must be nearly as that 
velocity/' 

I was satisBed with this experiment* an4 
the inference I drew from it, till some gen^ 
tlemen well acquainted with^ the. theory 
and practice of mechanics*, expressed their 
doubts on. the subject. 1 had then recourse 
to. another experioyent^ wihich I considered 
as less liable to error than the former. 

325. The water which drives the old 
cotton mill falb, a. little . below it, into a 
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pefpeodicuyr-^ided podd> vhich serves aia 
a dand^ for a com mill. To sksidertain^ 
ihete^sKi the proportional qoantHies of 
water used by the old mill^ DOthiag thore 
tras Jitoessary tharn to measure the time 
the wate^ took to rite to a certain height 
in that pond ; and accordingly, on the first 
of May 1798, 1 made the experiments rioted 
hi thefoilowinj? tkble ; 



1 



46 



^^ 



6-58 



2* 



46 



^— T" 



. 5 



6-57 



••«rt-*%. 



24 



5 



14*45 



4 

<iO nil 



23 



5 

* ,4 I 



Number of eii^riments. 

RtYoiutions of one of the tipright shafts 
, p«r iQiQute. . 



Hise of wattr^in the pond in inches. 



/l. , . |-,l< tit i <■! 't .1 ■ Il .. 



15.0 Time in. minutes and seconds. 



' Hie first and socond experktients w^re 
made with th6 mifl at its domaion vdocitj ; 
the third amd foottfa at ncarljr half tbat 
velocity* 

The tiQie which the: mill liequired to use 
the same qiiahtitj of water in tbese expev 
ritnents may b6 takeh in round numbei9;( 
the proper ireyocity at 7 minutes, aod half 
tliat velocity at 15 mintfctes. 

The result of these experiments ap- 
proaches very nearly to that of 1796, The, 
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difference may be accounted for by the 
$niaU degree 6f leakage which rausit have 
taken place at the sluices on the lower end 
of the pond; and* the time being greater 
in the third and fourth experiments, the 
leakage would, of course, be greater. 

I • « • • • 

' » • • • • 

. 326. Mr. Smeaton* and others bavfc 
proved, in a very satisfactory maiiner^ that 
" the mechanic power, that must of neces- 
sity be employed in giving different de- 
grees of velocity to the same body, must 
be as the square of that velocity/' But it 
appears to me, that the result of the above 
experiments may be easily reconciled to 
this proposition, by considering what Mr. 
Smeaton says immediately afterwards : — 
**If the converse of this proposition (says' 
he) did not bold true, viz. That if a body 
in motion, in being stoppied, would not 
produce a mechanical effect equal or pro^ 
portional to the square of its velocity, or to 
the mechanical power endployed in pro-: 

* Sec Smeaton on Mills, p. 18. See his Miscella- 
neous Papers^ p. 92. 
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ducing it, the effect would not correspond 
with its producing .causeJ'* > Now, it is to 
be' observed, that Mr. Smeaton's^ experi- 
ments were made! on the vebeity of heavy 
bodies free from friction and other causes of 
r^miance; but in mills tliere.is not only 
friction^ but obstacles to i)e removed : and 
experiments made on friction have proved 
that the frictioni of: many kinds of bodies 
increase in direct^proportion: to. iheir velo- 
city. But llie velocity of a cotton- mill at 
ivork^ may be considered as <a. .mechanical 
eifect rand, if so, must correspond with its 
producing cause. > i : .. . 

[A. 326.] The preening experiments 
on the Rothesay mill, are undoubtedly 
correct, and consistent wit|i the principles 
of ^ motion and power ; . and also ^ with the 
experiments t>f Smeaton on Mills, and 
Mechanic Power. 

It is shewn in the additions to this essay 



* Smeaton on Mechanic Powers applied to Bodies at 
rest. Miscellaneoos Papers, p. 92. (Ed.) 
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thai the mechanical power is as the quan^ 
iity of water on the wheel, multiplied into 
ito vek>citj whea the wheel, fall, and otbet 
circumstances, reraaiof the same^ (Art; [D 
32a.]) and since the mechanic^reifedt ii» 
measured -^by, the- renstance multiplied into 
the: velocity of the working poibt, when 
the friction is constant ; if yau diminish 
the quantity of water by its hsdf, you: musi 
either take away half the resistance, -or 
half the; velocity with which it is b vereon^ ; 
otherwise there will not be aa equilibHum 
between the power and effect. . But; at the 
same time it is to be observed, that ab in- 
creased velocity lessens the friction of the 
intermediate machinery ; and cbnaequiEsntly 
Agreatei^ ei&ct.wojild be produced by the 
greater velocity, as .appears to! be. the. case 
•by the* experiments* Theteis .not, bowi- 
iever^/in the detail of these experimeiits, 
sufficient data to enable us to'trvive at any 
useful condusiohs., (Ed;) . . . / 

No. II, 

■ < 

The foUoTjping Letters from Mu John' 
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Jlobertoti(j Engineer^ coritam s^me Vahiaifk 
.Observations ofh tM foregaing JRaper. 'i . 

' GlasfeoW; Odf. 21, 179^. * 

DEA33.' SIR,' ".:■•'' .':;'.'' ' .' ' "l 

327. Since I wrote you last I hkve further 
examined -Mr. Bank^ (m fvheeU. -His cent- 
elusions ^fve a most satisfactory evJdenct 
tbiatp&rtK^uIar ebre and* jodgmeht dre ne^ 
cessary in miEtkihg experiments. \ 

It appears to meithat the irrolig con- 
clnsidns which hav^ ^ been drawn by thife 
ftftd othier 'Writers ori! this stibjecti hav* 
wholly arisfen frotti ndisapprfehendidg som^ 
of Sir Isaac Newtbn-s fundbmentat princi- 
cipk» t>f taechdnicsV and fhini ii' ItiVe of 
estaWishitrg theoretical ex|[)ressioris' rather 
than strict obiieVvations <)f the invariable 
laws of natuite ; expressiohs( suChas thefse : 
viz. Quantity of Motion jlnitantiamomlfn'- 

pulse.* • / • . • ' 

' Taking a constant portion of time (rizi 
a second) to be the tofeasure oi? the vehJfcity 
ofa body, and aii instant to be the measure 
of the effect it produces ; o^by taking titnfe 
ds the measure of the e^use, and space '-^s 
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tlie measure of the effect As to an in- 
stdntaneousi effect, it is an absurdity in jtself 
as well as in mechanics. We can form 
no idea of a body put into motion, without 
the acting power or body act upon the 
body put .into motion for some i^eW^ and 
also over some space; and to suppose 
otherwise leads us entirely out of the 
sound principles of mechanics. . / 

In mechanics every effect is equal to its 
prpduci^g cause. In the case of a power 
acting on a body produping mptioQ, apd 
also this body acting against another power 
which retards its motion : if the causes of 
action; and resistance are each measured 
by the^ime the motions jstre produced and 
retarded, the result will be equaL 

Or if th^y bemeasui?ed by the i^ace over 
.which . they act, the results will be equal $ 
and this is an universal principle, whether 
applied to accelerating power and niotion, 
as gravity, &c.. or to maqhines ; which act 
constantly and uniformly. Yet in the 
CQ^e of uniform mption, apace or time may 
be used at pleasure ; as frpin the uniformity 
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of spftce and time they become a coipmon 
measure. 

To illustrate this, suppose the body A 
acted upon by the power of gravity through 
the space A B, in a portion of time which A 
we will call one. When it arrives at fi, it 
meets with another medium of resistance, 
which is ten time» greater than the former ; 
the body A, will be resisted in proportion 
to the cause of action and resistance, that 
h to say, if the time of action were one 
second, the time of resistance i^ill be one* 
tenth of a second, atid the dii^tance AB^ 
will be to the distance BC as ten to one; ^ 
so that ' whether space or time be taken as 
the measure of action^ the sam!e must be 
taken for the measure of the effect, to have 
the results proportionate and equal. But 
if the cause be measured by iimej and the 
effect by space^ the. results wilt be. as the 
squares of the times^ or, which is the same 
thing, as the squares of ^ the velocity. 

Thus, suppose a body in motion, with a 
velocity of one, has a power to penetrate 
into a bank of earth one foot. If the same 
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body, vidia veldcity .of . tw6^ strike the 
bank, it will penetrate to the depth of four 
ieet; for tfafe velocity .is double, and the 
time of action is double, and therefore thei 
results win be compoiuided of both, that 

iSs, as the sqnare of the velocity. 

/ Frdm the above it may be inftbrred^ that 
if equal bodies be. acted upon by unequal 
poWers, tbe times requisite to produce at| 
dqual moiioh will be reciprocally proper-* 
tiooate to ihe powers; that is to say, if a 
profwer of ten act upon a body fdr one 
second of time, and the power of on^ acfi 
upon 'an: equal f6ir ten secouds, they wiU 
produce: equal velocities. But tbe spaces 
thi-ough; which the bodies are carried, are 
very : unequal, being aa . ten ta one : , and if 
the square roota of the powers producing 
the eflfects be tdikeo, that Will- give the 
titties thejr take in carrying the' body acted 
upon through equal spaces. 
But it is obvious this doctritie has no 



moire to do witii the opdration of machines, 
than simply tbeir first starting from rest to 
the motion necessary for working. When 
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this, is acquUed^; the. t>(>wer applied ^cfd tbe^ 
power of i^sistaitee; balance ;each .otheitK 
aiul whatever bOwtke motic^E (h^ iDdcbio^ 
iii6ve& at,, the same power will carry it qq»: 
(if it be upheld) provided the mftchiae act 
in such a manner as not, toaccumiilate re:^; 
sifitance by the aecttmuiatsoa. of; motion, 
which is^ the case in forcing fluids thrqaghx 
pipes^ &o. In cases of this kind, the nature 
of the> machine mast be particularly kept 
in view, a^nd not to. adopt ainy law to ex-r 
plain the resistance the acting body sieets; 
witi), but what is simply deduced from thi^, 
very machine we hare under consldetatioQ., 
But in most ca^s, any machine may b^ 
considered as acting purely on. a statical; 
principle. The raising of weights, oroveT'*. 
coming friction, I ponsider purely as acting 
on that principle; and whfio the. power Qf 
action is equal to the resi$ting power, tbe> 
machine is indi£SBifent to. motioaror f9^\p 
If the machine be at rest, the power will 
jiotmove it, being a.balance. to the resiit- 
ance. If the jzuichinQ .be set. i a (notiQP » %k^\ 
power will keep it in the saioe fnottOQ*. 
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Banks, at liia highest mQtiQn» run hi&>wheel 
about one foot iq the second, and rjeducing 
it to one half of that motion^ the same 
quantity of water. then expended, was ca* 
pable of perfiorming four times the work;, 
and by deduction from. thence» it appears, 
plain that his wheel (from his own theory) 
would perform about twenty; times th& 
quantity ' of work which Mr Smeaton's 
could perform with the same quantity of, 
water» and about 16 times more than na- 
ture; so that your observation (alluding to 
Mr. Banks's theory) is very just in saying 
that, by reduciogthe motion of the wheel, 
it is demonstrable it would raise more water 
than supply itself .. 

(Signed) John Roberton. 

On Overshot Water Wheeb. 

[A. 328.] The best water wheel is that 
which is calculated ta produce the greatest 
e0ect \^hsn it is supplied by a stream, fur^ 
Biahinga. giv^ quantity of water, with a 
given f9^\y 

The mechanical effect depends on the 
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proportioD of the wheel's diameter to the 
"height of the fall ; and on the velocity of 
the circumfeteQce of the whed. These are 
the two principal parts to be con^dered in 
the theory of wheels; but there are also 
some other points which ought to be at- 
tended to, because the effect is much de- 
creased when they are neglected. 

Of the proportion of the radius of the 
wheel to thi height, of the fall— Let A C 
^Dbe the' wheel, and £A the depth of 
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t^ buekets-r then, accordmg to expem 
ments oil water wheels, it appears^ that the 
fdtaty force of the water in the bucket^JS 
fiothing at c and d^ and that it incpdasesi 
nearly, if not acturalely, in the direct ratid 
ef the distance from e or rf, and i& greatest 
at A.» That isi, the force at any pOi bt a in 
a direction en, or perpendicular to the ra^ 
dius, isas^ac^ 

A sKght consideration of the figure is stif* 
ficient; to inform us, that the wheel will not 
produce the greatest effect when it receives 
the water at the upper point C, and that 
there must be considerable advantage in 
making the wheel of a greater diameter, so 
that it may receive the water at some point 
between A and C. The point which will 
ensure the greatest effect we are now to 
calculate. 

Put c = that portion of the circumference 
which is to be loaded with water; and a: = 
the arc comprehended between the point 
where the water flows upon the wheel and 
the horizontal line E A ; also make b = the 
area of the stream supplying the buckets. 
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Then the solid which represents the efleC'*- 
tive force, will he^ b x ( ^^ ^ ; which is 

t c 

to be the greatest possible ; or ^J^, ^ * 

xnaximuni. By the principles of maxima 
and minima, this takes place when s ^ c 

(1 — V4) or ar *«: '2929 c. Accordingly 
the arc e-^a; must be the quadrant dg or 
9Cf, and the arc ar = 37-27;. 

Hence we have this important practical 
maxim. A water wheel will produce the 
greatest effect when the diameter of the 
wheel is proportioned to the height of the 
fall, so that the water flows upon the wheel 
at a point about 524 degrees distant from 
the summit of the wheel. 

If r be the radius of the wheel to the ex- 
treMe part of the bucket, and h the effec- 
tive height of the fall, then h = r (I + sin. 
374,) or ft* l-605r; for the sin. 374 ='' 605; 
Also '623^ « r. Thterefore when the ef^ 
fective height of the fall is determined, the 
radius of the wheel is easily calculated. 
When the effective fall is 4 of the whole 

L L 2 
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fall, if we make h the whole fall, r = '554 
hj or 1*108 h = the diameter of the wheel. 

The eflFective height of the fall is less 
than the true height, by as much as is ne- 
cessary for giving the water the same velo- 
city as the wheel before it flows upon it. 

In low falls a \Vheel would. worJc with ad- 
vantage ii^ a consideriable depth of tail 
water, provided thebuckets were of a. suit- 
able form for moving through the water, 
and the effective fall .made through a very 
accurate sweep, so th^t the sweep and not 
the form of the bucket should confine the 

water upon the wheel. 

• - • » 

[B. 328.] Of the Velocity of the drcumfe-- 
rence of the ia>heel to produce a mammum 
effect. — It is necessary to premise, that the 
velocity with which the water flows upon 
the float-boards or bupkets, is considered 
to be equal to the. velocity of the wheel, 
and to strike against the floats as nearly as 
possible in the direction of the motion of 
the wheel. 
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Let X be that part of the /all which gives 
the necessary velocity t; tO;the water, when 
the effect is a. maximum ; v will then be 
the velocity of the circumference of the 
wheel. Also, make a » that part of the 
fall which would correspond to the velocity 
of the circumference of the wheel when the 

4 

power would be equal to the friction of 
the loaded machine only ; or when the use- 
ful effect would be nothing. Now if h be 
the whole fall, the effective force of the 
water on the wheel will always be propor- 
tional to h — Xy when the effect is a maxi- 
mum ; and to A - a, when the useful effect, 
or work done, is nothing. 

Hence, v (h — x — h — a) must be a 
maximum ; or, t? (a — j?) = a inax. but v = 
A*, therefore x^ (a — x) = a, max. which ac- 
cording to the rules of maxima and minima 
tak^ place when a = 3 ^% 
\ It is evident that the value of a must en- 
tirely depend on the nature of the machine^ 
for if there be many moving parts between 
the power and the resistance, the friction 
will, be greater, and consequently a will be 



X I 
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less. The machine must be very simple 
indeed, if the friction be less than one-half 
the moving power, and it will often amount 
to two thirds of it. If we suppose it to be 

two thirds, then « = -^j and consequently 



a? = — , and ^ = a/ —^ « 2*67 v h. 

Hence when the friction amounts to two 
thirds of the moving power, the velocity of 
the circumference of an overshot wheel in 
feet per second, should be 2*67 times the 
square root of the whole height of the fall 
in feet. 

Again, that part of the fall is to be de- 
termined, which will give the water the 
same velocity as the wheel, arrd since a = 

y, and So? = a, we have ^= -^. Hence, 

when the friction is two thirds of the power^ 
that part of the fall which will give the 
water the proper velocity, is one ninth of 
the whole height. 

These results may now be usefully qop^ 
pared with the experiipents of Smeaton ; 84; 
the same time it is obvious that his experi- 
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meots were not adapted fbr arriving at ge-i 
neral cooclmioiiSy because the water was 
always. delivered upon the same wheel; for 
it is clear, from the proceding investigation* 
that every particular wheel must have its 
particular maximum. 

In Smeaton's experiments on overshot 
wheels, the wheel was 2 feet in diameter^ 
therefore the height of the fall should be 2i^ 
feet. Now the square root of 2^ is 1*5 ; and 
1*5 X 2-67 '^^•OOo, that isf the velocity of the 
wheel should be 4 feet per second; or it 
should make 38. turns per minute. Smeaton 
infers that " the best velocity for practice ''' 
will be when a wheel of 2 feet diameter 
makes 30 revolutions, per minute. (Mis- 
cellaneous Papers, p. 5L) But his model 
had much more friction in proportioti^ to 
the effective force of water on the wheel than 
two thirds, than we have here calculated 
upon. When the calculation is made ac^ 
cording, to the friction of Smeaton's model, 

t) » 2-4v A ; Afid the velocity of the model 
wheel would com6 out 3-6 feet pfer second, 
or 34 turns per minute.. This Velocity will 



r 
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perhaps apply correctlj eapugh to overshot 
wheels^ where the water flows on at the 
# summit, and to rough made machinery i 
but the former calculation is that which I 
consider most correct, for the improved 
kind of wheels here pointed out. It is to 
be understood, that the friction allowed 
for, includes all the kinds of resistance and 
loss of force which lessen the useful effect^ 
as well as fhe resistance of the rubbing sur- 
faces, properly called friction* Many 
readers will think that two thirds of the ef- 
fective force, is greatly too much to be lost ; 
it will be well if it draw their attention to 
lessening the stress on every part of ma- 
chinery,, and to the importance of having 
few rubbing surfaces, and other causes of 
resistance. • 

[C. SSS.J On computing the power of over- 
shot water-wheeh. — In determining the pro- 
portion of the radius of the wheel to the 
height of fthe. fall, an equation is given for 
the effective force. See Art. [A. 328.] 
Resuming ,that equation, we have i b 
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\ e-x ) "^ *^® effective force of the Water, 
and ▼^^( ^gZ.j^ ) r* ^'^ mechanicjal power. 

But the quantity of water expended in 

. maintaining this power, will be bv. Hence, 

the quantit}' of water expended, is, to its 

mechanical power, as 1 : 4. (^^ziT")* 

When the wheel is supplied at the sum- 
mit, 0?= iC; and therefore, the quantity 
of water expended, is to its mechanical 
power, as 1 : i C. Or the power is equal 
to half the weight of water supplied to the 
wheeL 

' The same relation takes place when x s 
o; that is, when the wheel is supplied at 
the height of the axis. Hence when the 
radius of a breast wheel is equal to the ef- 
fective height of the fall, its power will be 
the same as that of an overshot wheel sup- 
plied at the summit. 

When the wheel is supplied at the point 
which produces the greatest effect, . a:= 
•2929 c; and consequently the quantity of 
water expended is to its mechanical power 
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as 1 : 0'5857 c. This effect is greater than 
when the wheel is supplied at the summit 
in the ratio of 1'1714 : 1. 

These comparisons will convey some 
useful information to many readers; and 
they may sometimes suggest to scientific 
writers the advantage of studying the actual 
nature of machines ; for relations so ex- 
tremely obvious and simple could never 
have been overlooked by any one who 
might have condescended to examine the 
subjects. 

The power of a water wheel may be 
considered under two points of view ; each 
of which has its peculiar use. If we wish to 
compare it with any other first mover, thea 
we shall have to calculate its mechanical 
power. But when it is desirable to com- 
pute the. resistance it will overcome at the 
working point, the effective force should 
be calculated. 

[D. 328»] When the water flows upon: 
the wheel, either at or above the axis, the 

mechanical power is t A t; ^ ^ ^ cubic feet of 
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water, (Art. [A. 328.]) or 31*25 bv—^lhi- 

Where bvis the quantity of water es:pended 
in a second, in cubic feet, c the part of the 
cirGumference between the lowest point of 
the wheel, and the place where the wat^ 
flows upon it in feet, and <r the part of the 
circnmference betwieen the point which is 
level with the axis, and that where the 
water flows upon the-wheel in feet. 

Throughout these Essays, the mecha- 
nical power of a horse is estimated at 
200 lbs. moving with a velocity of 3* feet per 
seconds Then a water wheel will be equal 

to ^'^^V^'^f horses J =:22«!M±:ifl 

horses. ." 

When the water flows on either at the 
summit or at the level of the axis, the me- 
chanical power is 31'25 6«;clbs. or it is =: 
0*00426 bvc horses. 

When the water flows on at 52t degrees 
distant from the summit, the mechanical 
power is 37* 192 bvclbs. or ==*0O5 6t?c 
horses. Since in this case, c = 127^ de- 
grees of the circumference, we have c = 



I 
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127^ X '0174533 r ; and as r = '554 h ;. and 
V = 2*67 ^h; by substituting thesB quan- 
tities, we have 122'1766A^Ibs. = the me- 

cfaanical power; or •0164 6 /r = the nura^ 
ber of horses, where h = the whole height 
•of- the fall in feet, and h the area of the 
aperture through which the water flows 
upon the wheel in feet. 

• * * 

[K 328.] The efFective force is 31 25 
6 c lbs* when the water flows on either at 
the summit^ or at the level of the axis. 

When the water flows on at 52i xlegrees 
distant frojn the summit of the wheel, the 
effective force is 37'192 6(?lbsi or 45"746 
6Albs. 

Of the Power of breast Wheels. 

[F. 328.] When the water flows on be- 
low the level of the axis of the wheel it 
may be termed a breast wheel. 

Let y be the distance below the axis 

measured on the circumference, then 



equal the mechanical power in cubic feet 
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of water,^ or — r^— ^Ibs* When y ^c the 

power will be reduced one half, anci when 
y = 2c it will be reduced two thirds, and 
so on. 

If we assume that the mechanical power 
of an undershot wheel is half that of an 
overshot one ^' under the same circum- 
stances of quantity and fall /'* then it will 
be an advantage to employ an undershot 
wheel whenever the fall is less than three 
tenths of the radius of the wheel. But 
since the radius of the wheel may in. many 
cases be diminished, it does not appear to 
be desirable to employ an undershot wheel 
in any case, except where the quantity of 
water is great and the fall inconsiderable. 
The theory of undershot wheels I do not 
intend to develop<e in this place; chiefly 
on account of having exceeded the bounds 
within which it was proposed to limit the 
additions to this work. Enough has been 
done to illustrate the view I have taken of 

f Smeaton's Experiments, Miscellaneous Papers, 
p. 49. 
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the nature of mechanical power ; and its 
application to undershot wheels and wind- 
mills, will not be difficult to any one that 
has acquired much information on such 
subjects. 
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PREFACE. 

The machinery employed in manufactures 
may be divided into two classes: 1^/, Mill- 
Work. 2ndy Smaller Machinery. The mecha- 
nism described in this Essay belongs to the 
latter class, and has hitherto been chiefly used 
in Cotton mills ; but useful hints may perhaps 
be taken for its application to other valuable 
purposes. 

It would be satisfactory to be able to record 
the names of the inventors of many of the in. 
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genious contrivances which are described in 
these Essays. But the secrecy which interest 
prompts in the machinery used in manufac- 
tuf es — the same difficulties giving rise in dif- 
ferent minds, without any communication of 
ideas, to the same means of overcoming them, 
and .the very gradual steps by which improve- 
ments are usually made, render ft, in most cases, 
impracticable to trace the Inventions to their 
true sources. 
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ON 



CHANGING THE VELOCITY 



OF MACHINERY, &c. 



INTRODUCTION. 



339- I TAKE it for granted that the 
reader is acquainted with the common 
modes of altering the velocity of any par- 
ticular part of machinery, by changing 
the wheels or pulleys. This change, how- 
ever, requires that the machinery be 
stopped for some time until the alteration 
be made. 

But many cases occur in which it is 
desirable to change the velocity without 
such loss of time. Some of those cases I 
shall now consider, beginning with one of 
the most simple, — that of changing the 

M M 
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speed of a turning-lathe, according as the 
nature of the substance to be turned, or its 
diameter may require. 

SECTION I. 

I. Turning Lathe Motions. - 

330. A series of pulleys gradually in- 
creasing in size upon an axle, is moved by 
the mill, and on the spindle of the lathe is 
a similar series, but in an opposite order, 
so that the same length of belt will work 
on all the opposite pulleys, according to 
the speed required. 

These series resemWe two truncated 
cones, having the smaller diameter of the 
one opposite the greater diameter t)f the 
other, so that the same belt is equally tight 
on whatever pair of pulleys it may work. 

This contrivance is represented by Fig. 1, 
Plate XVI. applied to the spindle A B of a 
turningolathe. CD is part of a shaft driven 
by the mill at a certain regular Yelocity* 
When a slow motion is required, the belt 
works at E F. ; when a greater, velocity is 
required, the belt is shifted by pressing it 
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to one 6Jde, to another pair of opposite 
pulleja. It is hoped that the figure will 
make this so clear, that all further expla?- 
nation ^wiil be unnecessary. 

Observation. 

331. This contrivance, very simple in 
its construction, is found of important 
practical use in the turning of various sub- 

i, « « 

litances. 

II . Altemaie Cones. 

332. There is another contrivance on 
similar principles to that above described, 
which has been found very useful where a 
motion coais^t ant ly varying is required. 
Instead of the opposite sei^ies of pulleys^ 
there are two opposite cones. 

The onie of these cooes gives emotion to 
the other by a belt which by the »machi- 
nery is gradually moved from one end to- 
ward the other of the cones. 

This piece of machinery is represented 
by Fig. 2. A B is the belt ; C is the guide, 
which, receiving its motion from the nm- 

M M 2 



632 ON CHANGING THE [essay ▼#. 

chinery, traverses the belt at pleasure, 
with any velocity which the case may re^ 
quire. 

Thus the one cone moving at a uniform 
motion, communicates a varying velocity 
to the other. 

Observation. 

« ■ - . • 

. 333. This piece of mechanism, remark- 
able for its simplicity, I have had occasion 
to put extensively in practice, and have 
found it give great satisfaction. 

III. Alteration of Velocity hy Wheels mov- 
ing one another by Friction. 

334. The same effect as the alternate 
cones is sometimes produced by the rim 
of one wheel moving on the face of another, 
by means of the roughness of their sur- 
faces, the inequalities of which may be 
considered as indefinitely small teeth. 

Thus is A B, Fig. 3, a face-wheel, mov- 
ing at a uniform rate. 
. CD is another wheel/ which, from the 
£ice of A B^ receives a vertical nootion. 
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Accordiogly as it is required to move C D 
slower or faster, it is by proper contri- 
vances made to act nearer or further from 
the centre of AB. 

Observations. 

335. As there must a twisting motion, 
similar to that of edge-stones for bruising 
various substances, take place here, and 
as it is only properly applicable to cases in: 
which the strain i^ exceedingly small, I* 
apprehend that the alternate cones is a 
much more perfect manner of producing a 
change of velocity. These wheels, how- 
ever, work very well for regulating the 
taking up motions of the bobbins in ma* 
chines for roving cotton by spindles. In 
this case, the force required is very smalL 

SECTION II. 

336. Certain cases in practice require 
an instantaneous change of velocity ; as, 
for instance, when those machines for spin- 
ning cotton, called Muks^ are moved by 
power. 
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The mule is a roachiioie different in ka 
constFuction from that brought to a high 
state of perfection by. Sir R. Arkwright 

The mule is better adapted than the 
water-twist frame (Arkwright's Machine) 
for 'Spinning all kinds ofweft^ and produces 
finer yarn than can be spun by any other, 
machine. For the invention of the muh 
we are indebted to Mr. James Croroptony 
formerly of Hall-in-the-Wood, near Bolton^* 
le-Moor» Lancashire. This machine was 
for many years worked by hand only, the 
variety of its movements rendering it diffi* 
cult to accomplish the moving of it by 
power of water or of steam sufficiently 
simple to be of common use. 

Mr. William Kelly at Lanark, early ob- 
tained a patent for a mode of working thi& 
machine by power, but it was not until a 
considerable time afterward that power 
was generally adopted. The plans which 
were tried were very various, and the im- 
provement was progressive. One happy 
consequence of this improvement has been 
experienced; the spinners are now found to 



\ 



BssAT VI.] VELOCITY OP MACHINERY. 535 

enjoy better health than they did when 
they had to labour bard, while they breathed 
in warm and confined apartments. 

In order. to save time after the carriage 
of the mule is brought to its furthest ex- 
tent, it is necessary to increase the velocity 
of the spindles. This increase of velocity 
is called the double speed. Various oon- 
tri vances have been adopted for this pur- 
pose, but I shall describe three ; one being 
performed by ropesj another by belts^ the 
third employing the aid of wheels. This 
last, indeed, from its greater certainty, is 
what is most generally adopted. These 
contrivances will, however, serve to shew 
the progress of improvement in this species 
ofmach^ery. 

r Double, Speed. 

FIRST CONSTRUCTION. 

337. The axle A B, Fig. 4, Plate XVII. 
is suspended by a cast*ir6n frame from the 
ceiling of the room. This axle is kept in 
motion by means of the fixed pulley C, which 
is moved by a belt from thq mill- work. On 
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the same axle aie two loose pulleys D and 
E. (Essay IV. Art. 960.) Ropes from these 
pulleys communicate with the fast- pulleys 
F and G, on the axle X Y of the; fly wheel 
of the mule. 

The loose pulleys have catches on theic 
sides ; while these are disengaged the mule 
is at rest. In order to put the mule in , 
motion, the smaller pulley E, by means of 
the sliding guide I K L^ is slipped to one 
side, so as to lay hold of the gland H, 
which is fixed on the axle, and carries the 
pulley round along with it, and thus moves 
the mule at its slower motion. 

When the fly wheel W has made a suf- 
ficient number of revolutions at this rate, 
the slider is moved by means of wheel- 
work and a wiper toward the fast pulley 
A, which motion disengages the small 
pulley from the gland, and engages the 
larger pulley with C, which produces a 
quick motion in the fly wheel. 

Observations. 
338. This apparatus was in use in Man- 
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Chester in the year 17979 but the shocks^ 
produced by the catches (Essay IV. Art. 
381.) dnd other imperfections, soon occa- 
sioned its disuse. But there is often much 
to be learnt from the examination of ma- 
chines which have been abandoned. It is 
but by comparison of things of the same, 
species that we are able to appreciate 
their true value. 

Double Speed. 

. SBCONO CONSTRUCTION. 

339. This apparatus differs from the 
First Construction, principally in having 
belts instead of ropes for communicating 
motion. 

On the axle A B, there are five pulleys 
E, D, C, G, H, all of them loose but C, 
which is fast. When the belt from the 
mil}- work is on C, the mule is at rest, be- 
cause the axle revolves ; without carrying 
round any of thejoose pulleys. 

In order to put the mule in motion,, the 
belt is, by means of a sliding guide, shifted 
on tp the piilley D, which carries round 
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the pulley E along with it ; and by another 
belt, moves the pulley F on the fly-wheel 
axIeX Y, and thus moves the mule at its 
slower motion ; afterward (as was described 
of ihe Fhst Construction) the sliding guide 
shifts the belt from D to G, which, by car- 
rying round H in a similar manner, pro^ 
duces a quick motion in- the fly wheel W. 

r 

Observations. 

340. This construction was in use in 
Manchester in the year 1799; and as the 
shocks complained of in the First , Construc- 
tion did not occur in this, it ,was found a 
material step in the improvement of work- 
ing mules by power. 

* JDouble Speeds 

TBIRP CONSTRUCTION. 

341. This construction differs from the 
secondf in having the whole apparatus at- 
tached to the framing of the mule, and in 
having the aid of toothed wheels for pro- 
ducing the change of velocity. 

On the axle A B^ Fig. 6> are three pul- 
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leys C, D, E. The pulley C is fast on the 
axle. D and E are loose, but on the side 
of £ is fixed the small spur-wheel F. The 
larger spur-^wbeel G is fast on the axlQ 
AB. 

On the axle XY are fixed other two 
spur wheels^ H and I, of the same size as 
those on the axle AB, but placed so as 
that the larger wheel on the one axle shall 
be constantly in gear with the smaller on 
the other. 

When the belt (put in motion by th^ 
mill work) is on D, the mule is at rest; 
when shifted on to E it carries the smaller 
wheel F round with it, which being in gear 
with the larger wheel H, moves the fly- 
wheel axle X Y at its slower motion. 

On the other hand, when the belt is 
shifted to the pulley C, which is fast on 
the axle, it carries round the larger wheel 
G, which is also fast. G being in gear with 
the smaller wheel I, moves the fly wheel at 
the greater velocity, or, as it is termed, at 
double speed* 
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Observations. 

342. This piece of mechanism was first 
adopted in Manchester about the year 
1800, and although sometimes its parts may 
be somewhat diflferently arranged, it con- 
tinues^ I believe, still in general use. 

While it is free from the 5^ocA:5 produced 
by catches, it is also (owing to having the 
change of velocity produced by wheels) 
free from the uncertainties of motion aris-^ 
ing from any change in the tightness of 
the belts as employed in the Second Con- 
struction. 
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PREFACE. 

The preceding Essays relate principally to 
the moving-parts of machinery, but as it seemed 
essential to a system of mill-work, to say some- 
ivhat on the subject of the framing which sup- 
ports the moving parts, I was induced to com- 
mit to paper the following ideas on that head. 



The subject might have been extended to a 
much greater length, and many more examples 
might have been given, but as this part of mill- 
work is at present undergoing a peculiarly rapid 
change, both in the materials employed, and in 
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the forms adopted in its construction, it is 
deemed unnecessary to enter further into detail. 

Much of what is said in Essay II. on the 
strength, stress, and proporti(Hi of sfaaifts being 
applicable to the proportion of various parts of 
framing, in order i:o save repetition, I refer the 
reader to what is there said- 
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SECTION r. 

343. The general principles of carpentry 
must obviously be applicable to the fram- 
ing of mill work. These principles I shall 
not here repeat, but beg leave to refer to 
what Professor Robison has written on this 
subject, in the Encyclopaedia Britanuicay 
and to Mr. Peter Nicholson's various writ- 
ings on the subject^ I shall here consider 
only the peculiarities of the framing of mill 
work.* 

* See also art. Carpentry, New Supplen^eDt to the 
Bncjclopsedia Britannica. Tredgold's Elementary Prin- 
ciples of Carpentry, 4to. 1820 4 and Practical Essay on 
Cast Iron, 8vo. 1823, (Ed.) 
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344. Mill-worky from its motion, oc- 
casions a tremor on all the parts of its 
framing, which subjects it to much more 
speedy decay than the mere pressure upon 
carpentry. 

Besides this general tremor, it is often 
subjected to violent sudden thrusts, from 
the bad action of the wheels, or from reci- 
procating motions. 

It ought, therefore, not only to be suf- 
ficiently strong and stiffs but sufficiently 
heavy^ to give solidity and steadiness. 

Where the framing of machinery is not 
firm and well bound, a vibratory motion 
in its parts, of course, takes place ; which 
vibratory motion expends a considerable 
portion of the power applied. This loss 
of power is very di^icolt of iuvebtigation. 
It is certain, hbweveri that whatever motion 
of a vibratory hatufe is cbnirhuhi^ated to 
the framing and objects in contact with it, 
(abstracting from the elasticity of the parts,) 
must be lost to the efiect the machintr 
would produccj were the parts suflficiently 
strong and well bound together; and it is 
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to be observed, that firm and well-bound 
framing is much preferable to heavy fram- 
ing not so well connected in its parts. It 
is as certain, that though the framing in 
either qase may be constructed so ias to be 
equally strong; yet the heavy fmming, from 
rts vibrdtion, will expend more of the ori- 
ginal power than that which is less heavy 
but firmly connected. 

345. Besides strength, stiffness^ and Wi- 
dittfy the framing of mill work requires to 
be constructed so as, <o he easy of repair; 
and so contrived, that any particular part 
may he: repaired or reweijyerf with the least 
possible derangement to the other parts 
of the framing. 

> 

346. There is another circuniistance in 
this species of framing which demands 
great attention. The shafts of ten require to 
he restored to their true situations^ from 
which they may have deviated by. the wear- 
ing of the parts. Now the framing ought 
to be so constructed as easily to admit of 

N N 
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this r,estoration of the shafts^ as also of any 
other shiftiog of them which may in prac- 
tice become necessary. 

[A. 346.] But though the framing which 
supports.the parts of mills and machines 
should be firm, it is an advantage that the 
part on which any axis xests should have a 
small degree of elastic tremor when tBe 
machine is in motion. Such tremor has 
considerable power in diminishing the fric 
tion. It maj' further, be observed, that 
framing to support machinery should be as 
independent of the building as possible* 
because the tremor it always communicates 
is exceedingly injurious. (Ed.) 

Before proceeding further into the sub- 
ject, it may be proper to consider the bear-^ 
ingi of shafts. 

r 

SECTION II. 

• « 

Of the Bearings of Shafts. 

347. The bearings on ^tvhich gudgeons 
and journals rest and reyolve, are sometimes 



\ 
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termed Pillows^ and frequently Brasses^ 
from being often made of that substance. 

The bearings for pivots, at the lower ex- 
tremity of upright shafts, are denominated 
Steps; the parts where the journals of \^er- 
tical shafts or spindles turn and bear 
against, are called Bushes ; and for small 
spindles, such as those used in the manu- 
factures of flax and cotton. Breasts. 

It has become general to fix pillows in 
blocks of cast iron. Hence the term 
Pillow Blocks and sometimes, corruptly. 
Plumber Block. In Manchester they are 
called Pedestals. 

348. The substances used for Pillows^ 
&c. are various, but brass is the most com- 
mon.* ^Other substances, however, which 
are cheaper, have in many instances been' 
found equal, at least, in durability. 

I 

* The metal our author tdrms brass^ is usually the 
composition of copper and tin> called gun metal. Gun 
metal is miuch harder than common brass^ and much 
hiore durable. Common brass is a compound of copper 
and zinc, and is now rarely used for bearings. See Art. 
[B.207.] (Ed.) 

N N 2 
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. ■ At the . cotton works of Deanston, near 
Down, a water wheel has run nearly 30 
years on pillows of cast iron, with little 
sensible wear on the gudgeons, nor were 
they ever found liable to heat.* 

The: outer skin of cast iron, particularly 
when cast in metallic moulds, is remarkably 
hard, and it is reasonable to suppose that 
it would make a durable pillow, as we have 
seen is the case in the above instance. 
. Mr. Murray of Leeds has found a way 
of boring the hardest cast iron. He shewed 
me some cylinders of it, which, from the 
whiteness of the grain at the places broken 

* It .is very common to run water on the gudgeons 
of water wheels, to prevent them from heating. I 
(Joubt much of the propriety of this practice. Bees' 
wax has been found perfectly effectual for preventing 
journals from heating. 

Heating, in these cases, takes place often from the 
gudgeons not being firmly fixed in the shaft, or from a 
vibratoiy motion 4n the shaft itself 3 it sometimes takes 
place from the surface of the journal and pillow being 
too small, and sometimes from the journal having worn 
too deep into the jfillow, in which last case, in particular, 
a great fricition takes place. 
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off by a chisel, denoted its quality. Such 
iron is equally hard throughout. 

He mentioned that a patent was granted 
for wheel bushes of metal, of a peculiar 
hardness* which metal is nothing more than 
very hard cast-iron, but the patentee had 
discovered a mode of boring it- 
Stone has often been used with good 
effect for pillows for gudgeons and journals. 
The great objection to stones for this pur- 
pose, is the difficYilty, arising from their 
hardness, of" forming them into proper 
shapes, 

At Sheffield, where the journeymen 
grinders are obliged to keep this part of 
their machinery in oil, and in repair, they 
have found, from long experience, that a 
piece of green (unseasoned] thorn-tree is ex- 
ceedingly durable.* But in general they 
prefer using brown paper, adding always 
one ply sometime after another, so as to 
form a kind of pasteboard; this substance 

* Green oak soaked in boiling oil, is said to l)e used 
wltli advantage. Brewster's Additions to Ferguson^ 
vol. ii. p. 179. (Ed.) 
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they find less liable to heat, and much more 
durable than t^rass.* 

Wooden pillows are often used. Box- 
wood and lignum vitae were long in use. 
The laiter has been found an improper 
substance for the purpose. Beech is pre- 
ferable to either, and has been used with 
great success for: steps. Holly has also 
been . found to answer well for the same 
purpose.f 

t 

* If the bearings for gudgeons were made by screw- 
ing many thicknesses of pasteboard»together^ in the same 
manner as the rollers of calenders are made^ they would 
be extremely durable and have very little friction, (Ed.) 

t Friction rollers are sometimes employed to dimi- 
nish the quantity of friction 3 but not with much ad- 
vantage in heavy machinery, because they are liable to 
get out of order, and require very accurate workman- 
ship. Their effect depends on converting a sliding into 
a rolling motion ; with only the slid^ of the small axis 
which retains the roller in its place. Friction ^wheels 
are also used for the same purpose 3 they differ from 
. tollers in this-— the stress on the axis is borne by the 
axes of the friction wheels; but the stress is .on the 
surfaces of the rollers. The advantage of friction 
wheels is veiy trifling. (Ed.) 
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Form of Steps. ^ 
349* While on thi£( part of the subject, I 
may nieDtion some of the Forms of Pivots 

of Upright .Shafts. 

* 

The most usual form is to terminate ver- 
tical shafts somewhat like an egg, leaving 
the pivot rather smaller upwards, to prevent 
it from binding in the step. (Plate XVIII. 
Fig. 1.) 

350. Another mode (see Fig. 2.) is to 
terminate the shaft flat at the lower end, 
and make a small oblong recess in it. To 
this end is fitted a round piece of steel A, 
flat below, excepting a groove a across it, 
something like that in the head of a screw 
nail. The use of the groove is regularly 
to feed in the oil. The step into which 
the pivot works, is made square or octagon, 
do as to supply oil from the an]gle8. No. 2, 
3, and 4, Fig. 2, are different views of the 
piece of steel A. 

351. A pivot and step on this construe-* 
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tion was deposited with the Society for the 
Improvement of Arts, and was said to have 
been 20 years in use in a horse mill, with- 
out being perceptibly worn. I had occa- 
sion, many years ago, to apply this contri- 
vance in a case of heavy upright shafts, 
where other 'means were found inadequate 
to prevent the action of. the pivot, and it 
has ever since given satisfaction in its use. 
It is to be observed, however, that it does 
not answer well in cases having much 
lateral pressure, and a better mode (see 
Fig. 3.) is now in use in several mills. The 
steel pivot is made cylindrical, and fixed 
into the foot of the upright shaft, The 
bottom of the step is convex, and there is 
interposed one or more, pieces of steel 
formed like a double convex lens. . These 
pieces of steel having a little motion, make 
the relative niotion of the pivot less, .and 
consequently lessen the friction. 

352. The egg-formed pivot is sometimes 
made separate,, of wrought iron and steel. 
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and inserted into the lower eijd of the cast- 
iron shaft.* 

353. Mr. Bramah, in the specification 
of his patent machinery for surface planing^ 
includes a mode of running pivots entirely 
on a fluid, and raising or depressing them 
at pleasure, by means of a small forcing- 
pump and stop cock. See Gregory's Me- 
chanics, vol. ii. p. 418, 2nd edit. 

354. The journals of upright shafts are 
supported sometimes by breasts, (Fig. 4,) 
and sometimes by bushes, in passing through 
a floon - 

355. The spindles of mill stones usually 
run in wooden bushes. A block of cross 

* The rubbing surfaces of cast-iron pivots, should not 
have a greater pressure upon them than one ton upon 
a square inch, or they will be very subject to heat, and 
the friction and wear will be increased. Large vertical 
shafts may often be made to revolve on conical rollers, 
on the same principle as friction rollers; when they 
are well made the motion is very smooth, and thb 
friction much reduced. (Ed.) 
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elm ABC, Fig. 5, about 9 inches diameter, 
and 3 inches thick, forms the principal part 
of it, and is lodged in the eye of the mill 
stone. In order that the spindle may at 
all times run steadily, there are three pieces 
of hard wood D, D,Dj let into grooves in 
the block, so that their three ends embrace 
the spindle E. These pieces are of equal 
breadth throughout, so that they may easily 
be wedged forward when they wear. This 
simple and ingenious contrivance has been 
very long in use. Some use a piece of 
cast iron in preference to the block of elm, 
to answer the same purpose, and some a 
greased jope to run the spindle in, instead 
of the three pieces of wood. 

SECTION HI. 

Of Wooden Framing. 

H£ADSTOCK FRAMING. 

356* The framing used for supporting 
the gudgeons of a water wheel is denomi- 
nated the head -stock framing. 

A, Fig. 6, represents the head-stock, 
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which contaiQS the pillow-'block, BCD£ 
is the frame. 

The frame is supported by the top of 
the building of the arch or wheel-pit. 

The head-stock rests on the frame, and 
is moveable horizontally on all sides ; when 
in its proper situation, it is kept there by 
a key or wedge G at each end of the head* 
stock, which is supported by the dovetail 
form of the lower part of the head-stock. 

FRAMING FOR LYING SHAFTS. 

357* Ikying shafts are usually supported 
by bridges between posts. A B, Fig. 7, 
represents part of lying shafts, C D the 
bridge which carries the shaft. It is raised 
or lowered by means of a key below, and 
another above it, in the mortice of the 
posts E G and H I, through which it 
passes. 

The bridge is also moveable on end^ 
and is kept in its proper situation by means 
of small keys K, K, K, K. 

358. The posts, instead of being each 
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made of one solid piece of timber, are 
sometimes framed of separate pieces, as 
represented in Fig- 8. 

Lying shafts, instead of being supported 
by posts, are sometimes suspended. from a 
ceiling, as shewn in Fig. 9- The bridge is 
tempered by keys, &c. as when posts are 
used. 

FRAMING FOR UPRIGHT SHAFTS. 

359- tTpright shafts are generally sup- 
ported by bridges adjusted endwise, and 
upward and downward, like those of the 
lying shaft; but in order that they may be 
moved horizontally in. every direction, the 
pedestal is contrived to receive keys at its 
ends, similar to a head-stock. (See Fig. 10.) 

Screws are frequently used instead of 
wedges for adjusting the step. 

360. Fig. 11. represents the framing of 
an upright and lying shaft connected by: 
bevelled wheels. 

. 36 1. Sometimes a bridge is not imme- 
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diatdy supported by posts, but by inter- 
mediate pieces, which are called cloves. 
This construction is common in single 
corn-mills. Thus A B, Fig, 12, is a bridge ; 
C D and E F are cloves. 

362. Respecting the decay of timber, 
and the means of preventing it,. I beg 
leave to refer to Dr. Parry's paper, in the 
Transactions of the Bath Agricultural So- 
ciiety,and reprinted in Nicholson's Journal, 
Vol. XX. Nos. 85, 86, 87, and Repertory, 
Np.LXIII. That paper appears to me 
well worthy the attention of those who 
have occasion to construct works of tim- 
ber.* . 

SECTION IV. 

Of Cast-iron Framing. 

363. In the Introduction to Essay 11. 
on the Shafts of Millsy S^c. I mentioned the 
great increase of late years of the use of 
cast iron in mill-work. 

. * See also " Elementary Principles of Carpentry," 
Sect. X. Art. 327— 365. (Ed.) 
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Cast iron possesses great superiority over 
timber, for constructing the framing of 
mill-work. It is not only much more du- 
rable, but from the uniformity of its tex- 
ture, may be converted into any shape, so 
as to give it great advantage in arranging 
the materials with respect to strength, and 
proportioning it to^the stress it has to sus- 
tain. Timber, on the other hand, being 
stronger in some directions than others, 
and of vei-y limited breadth, is conBned in 
its arrangement, and requires, in certain 
cases, much workmanship ; whereas, after 
the patterns for cast iron are once made, 
9ny number of castings may be formed 
from them with very little labour or trou- 
ble. 

Those who have scientifically considered 
the strength and stress of materials, know 
that when timber is broken by any lateral 
pressure/ it is owing in a considerable 

* See Emerson's Mechanics, Sect. VIIT. p. 93, and 
Gregory's Mechanics, Vol. I. Book I. Chap. V. 

These references must have been made witbont con- 
snlUng the works quoted^ as the investigation of the 
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degree to the compression of the beam on 
the hollow side, which puts the fulcrum of 
the ideal lever much nearer the point of 
resistance than it would be in a substance 
less liable to compression. Cast iron is 
much less liable to compression than tim- 
ber, which gives it an advantage in with- 
standing lateral pressure, greater than 
might be expected from the mere com- 
parative absolute cohesion of the sub- 
stances.* 

ft ■ 

364:. " Iron is generally much more 



strength of beams is conducted by both these writers 
on the supposition, that the virtual fulcrum is an in- 
compressible arris at pne of the surfaces of a beam; 
and the one considers the materials to be extensible, 
the other inextensible. (Ed.) 

* The idea that the virtual fulcrum is nearer the 
compressed side in cast iron than in wood. When the 
pieces are similarly strained, is at best an assertion 
without a proof, eithier from theory or experience. 
And at^ the time our authbr wrote, the resistance of 
cast iron to compression was greatly overrated. See 
Essay on Cast Iron, art. 63. (Ed.) 



(4 
(4 
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** uniform in its strength than wood ; yet 
" experiments shew that there is some dif- 
" ference occasioned by different kinds of 
^* ore : the difference is not only found in 
*' iron from different furnaces, but from 

the same furnace and the same melting ; 

this may arise in a great measure from 
"the different degrees of heat which it has 

^' when it is poured into the mould/'* 

> 

365. Mr. Banks concludes that a bar of 
the weakest cast-iron, 1 inch square, and 1 
foot long, will break with about 2 ISO lbs. 
and that cast iron is at an average 4 times 
as strong as oak^ and 5i times as. strong as 
deal ; the weight being in all cases applied 
in the middle; the beam lying horizon- 
tially, and supported by props, t 

366. The strength of any beam, to with- 
stand any weight, being ais the breadth 
and the square of the depth, (see Essay ll- 

, * Gregory's Mechanics, vol. i. Art. A. 190. 
t Banks on Power of Machines, &c. p. 94. 
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on the Shafts of Mills, &c. chap. iv. Emer- 
80ja, p. 93.) it is evident that a bar of cast 
iron of. the aame length, must be much 
stonger when its transverse section isjike 
Fig. 14, than whep like Fig, 13- .The 
form represented in Fig. lA. has a further 
advantage, that .of greater stiffness. The 
distinction betiveen strength and stiffness is 
not in practice generally understood or at*- 
tefidcid to. This distinction is most easily 
compreheaded .by. considering their Hmits. 
The limit of strength^ is well known to be 
fracture^ or breaking. The limit of atiff- 
ne^, is Jkaurt^ or bending. Now stiffness 
increases in a much higher ratio than 
strength, viz. as the cube of the depth.* 
For ekample,^ if we double thedepth of a 
beam, we: iiK^rease its stress bnly 4 times, 
wbereas we increase its sttfihess 3 time». 
See Essay H> oh the Shafts of Mills, Art. 
173, and 174.) 

4 
' . . . • . . . 

ft 

S67. 'For these reasons, the advantage 

. * Yqung's Nat, PbiK vol. ii, art, 333. 

o o 
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is evident of making cast-iron framing in 
thin broad plates, at right angles to one 
another, instead of imitating the solid forms 
of wooden framing. This practice is called 
by mill-wrights feathering. The plate is 
sometimes on one side, as represented in. 
Fig. 15, and sometimes its section is like 
the letter T, see Fig. 14, the whole being 
one solid mass. 

The common practice in making cast- 
iron framing now, is to imitate wooden 
framing, which has been found from ex- 
perience sufficiently strong in giving the 
same breadth and depth of the several 
pieces at their point of greatest stress. 
Thus, suppose Fig. 16. to be the section 
of the timber at the place of grea^test stress^ 
the section of the cast iron is made like 
Fig. 17» or like Fig. 18 ; advantage is also 
taken of the nature of the material, to give 
it a breadth varying in proportion to the 
stress. This variation in shape is not al- 
ways in practice judiciously done; by at- 
tending to what is said in Essay II. Chap. 
IV. the mill-wright it is hoped, will be bet*^ 
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ter enabled to proportion the part£( to the 
stress they have to sustain.* I also take 
leave to refer to what is said respecting the 
making of patterns in the appendix of » 
Essay I. on the Teeth of Wheels, Art. 104, 
108. I may add to what is there said, that 
it is a good practice to give the patterns a 
thin coat of oil paint; as, while it pre- 
serves the pattern, the paint makes it rise 
more freely out of the sand. 

S68. To give an instance of this variation 
of form in the framing of mill work, bridges 
of wood for sustaining the shafts are usually 
made as represented in Fig. 19) those of 
cast iron as shewn in Fig* 20. 

369. In cast-iron framing, advantage is 

* The most advantageous forms for different pur- 
poses, have been considered in my Practical Essay on 
Cast Iran, Sect. III. and IV. where extensive tables of 
the strength and stifihess of cast iron will be founds 
which may frequently save the mill-wright much trouble 
in calculation j for he cannot always have examples of 
the same construction to refer to, either executed in 
wood or iron. (Ed.) 

o o 2 
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also taken of the properties of the hollow 
cylinder, of the economical application of 
which form in nature we have so many 
beautiftil examples* (See Essay II. Art. 

1790 

370. A head stock of cast iron for a 
water wheel is represented in Fig. 21. Plate 

371. Various modes are used of sus- 
pending shafts from a ceiling. Fig. 23, 
represents a construction in very general 
practice. 

372. I shall conclude with referring to 
Fig. 23, which represents the cast-iron 
framing^ of a flour mill having three pair 
of mill stones, and to Fig. 24, a machine 
used in bleaching, called Squeezers. 

After the process of washing by the dash 
wheel, the water is compressed from the 
cloth by means of this machine. 

Squeezers consist of a pair of wooden 
rollers, which, in moving, draw the cloth 
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through between them. The lowef roller 
receives its motion from a mill, and the 
uppermost is pressed down upon it by 
/ means of levers. Till of late these rollers 
were fixed in strong wooden frames; but 
the framing is now generally made of cast- 
iron, which makes a neater and more dura- 
ble piece of work. 

A represents the lower roller, B the up- 
per roller, C D a lever which presses upon 
the brass of the upper roller, E F another 
lever to increase the power connected with 
C D. The extremity of F is kept down 
by a pin ; in some cases a weight is used 
in place of the pin. 

373. I hope some tables which I have 
annexed* respecting the strength of several 
substances, will be acceptable to the reader; 
the table of squares and cubes, as also the 
square roots and cube roots of all num- 
bers from one to 1000, which I have taken 
the liberty to extract from Dr. Hutton's 
** Course of Mathematics,** will be found 
very useful on many occasions.. . 
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Koniber. 


Square* 


Cube. 


Square Root. 


CabtRoot. 


1 


1 


1 


rooooooo 


1*000000 


^ 


4 


8 


14142136 


1-259921 


3 


9 


27 


1-7320508 


1-442250 


4 


16 


64 


2-0000000 


1-587401 


5 


25 


125 


2-2360680 


1-709976 


6 


36 


216 


2-4494897 


1*817121 


7 


49 


343 


2 6457513 


1912931 


8 


64 


512 


2-8284271 


2000000 


9 


81 


729 


30000000 . 


2 080084 


10 


100 


1000 


3-1622777 


2 154435 


11 


121 


1331 


3*3166248 


2*223980 


19 


144 


1728 


3 4641016 


2-289428 


13 


169 


2197 


3-6055513 


2 351335 


14 


196 


2744 


3-7416574 


2-410142 


15 


2^5 


3375 


3-8729833 


2*466212 


16 


256 


4096 


40000000 


2*519842 


17 


289 


4913 


4-1231056 


2*571282 


18 


• 324 


5832 


4-9426407 


2-620741 


19 


361 


6859 


4-3588989 


2-668402 


20 


400 


8000 


4-4721360 


2*714418 


21 


441 


9261 


4-5825757 


2*7589^23 


22 


484 


10648 


4-6904158 


2-802039 


23 


529 


12167 


4-7958315 


2*843867 


24 


576 


13824 


4-8989795 


2884499 


25 


625 


15625 


5-0000000 


2924018 


26 


676 


17576 


5-0990195 


2962496 


27 


729 


19683 


5-1961524 


3*000000 


28 


784 


21952 


5-2915026 


3036589 


29 


841 


24389 


5-3851648 


3072317 


SO 


900 


27000 


5-477225.6 


3107232 


31 


961 


29791 


5-5677644 


3*141381 


32 


1024 


32768 


5-6568542 


3*174802 


33 


1089 


35937 


5-7445626 


3*207534 


34 


1156 


39304 


5-8309519 


3-239612 


35 


1225 


42875 


5*9160798 


3*271066 


36 


1296 


46656 


60000000 


3-301927 


37 


1369 


50653 


6-0827iS25 


3*332222 


38 


1444 


54872 


6*1644140 


3*361975 


39 


1521 


59319 


6-2449980 


3391211 


40 


1600 


64000 


6-3245553 


3*419952 


41 


1681 


68921 


6-4031242 


3*448217 


42 


1764 


74088 


6-4807407 


3-476027 


43 


1849 


79507 


6-5574385 


3-503398 


44 


1936 


85184 


6*6332496 


3-530348 


45 


2025 


91125 


6-7082039 


3*556893 
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Ntimber. 


Square. 


Cube. 


Square Boot. 


Cube Root. 


46 


2116 


97336 


67823300 


3'583048 


47 


2209 


103823 


6-8556546 


3*608826 


48 


2304 


110592 


6*9282032 


3-634241 


49 


2401 


117649 


70000000 


3 659306 


50 


2500 


125000 


7 0710678 


3*684031 


51 


2601 


132651 


7-1414284 


3708430 


52 


2704 


140608 


7-2111026 


3732511 


53 


2809 


148877 


72801099 


3 756286 


54 


2916 


157464 


7-3484692 


3-779763 


55 


3025 


166375 


7-4161985 


3*802953 


56 


3136 


175616 


7-4833148 


3-825862 


57 


3249 


185193 


7-5498344 


3-848501 


58 


3364 


195112 


76157731 


3*870877 


59 


3481 


205379 


7-6811457 


3-892996 


60 


3600 


216000 


7*7459667 


3-914867 


61 


3721 


226981 


7-8102497 


3-936497 


6'2 


3844 


23a'!i28 


7*8740079 


3-957892 


63 


3969 


250047 


7-9372539 


3-979057 


64 


4096 


262144 


80000000 


4-000000 


•65 


4225 


274625 


80622577 


4020726 


^^ 


4356 


287496 


81240384 


4 041240 


67 


4489 


300763 


8*1853528 


4061548 


68 


4624 


314432 


8-2462113 


4081656 


69 


4761 


328509 


8*3066239 


4' 101566 


70 


4900 


343000 


83666003 


4121285 


7K 


5041 


357911 


8*4261498 


4140818 


72 


5184 


373248 


8-4852814 


4*160168 


73 


5329 


389017 


8*5440037 


4*179339 


74 


5476 


405224 


86023253 


4 198336 


75 


5625 


421875 


8*6602540 


4*217163 


76 


5776 


438976 


8-7 1 77979 


4-235824 


77 


5929 


456533 


8 7749644 


4-254321 


78 


6084 


474552 


8*8317609 


4-272659 


79 


6241 


493039 


8-8881944 


4*29084 i 


80 


6400 


512000 


8-9442719 


4*308870 


81 


6561 


531441 


9*0000000 


4 326749 


82 


6724 


551368 


90553851 


4 344481 


83 


6889 


571787 / 


9-1104336 


4362071 


84 


7056 


592704 


9*1651514 


4-379519 


85 


7225 


614125 


9*2195445 


4*396830 


86 


7396 


6S6056 


92736185 


4*414005 


87 


7569 


658503 


9-3273791 


4*431047 


88 


7744 


681472 


9-3808315 


4*447960 


89 


7921 


704969 


9 4339811 


4*464745 


90 


8100 


729000 


9*4868330 


4*48 14P5 
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NnmUr. 


Square. 


Cobe. 


S<)uare RooU 


► • .... .^ 
/Cube BfMt. 


W 


8281 


753571 


9-5393920 


4-497942 


9« 


8464 


778688 


9-5916630 


4-514357 


93 


8649 


804357 


9-6436508 


4-530655 


94 


8836 


830584 


9-6953597 


4-546836 


95 


9025 


857375 


97467943 


4*662903 


96 


9216 


884736 


9-7979590 


4-578857 


97 


9409 


912673 


9^-8488578 . 


4-594701 


98 


9604 


941192 


9-8994949 


4-610436 


99 


9801 


970299 


9-9498744 


4-626065 


100 


10000 


loooooo 


10-0000000 


4 641589 


101 


10201 


1030301 


100498756 


4*657010 


im 


10404 


1061208 


100995049 


4*672330 


103 


10609 


1092727 


101488916 


4-687548 


104 


10816 


1124864 


10' 1980390 


4-702669 


105 


11025 


1157625 


10-2469508 


4-717694 


106 


11236 


1191016 


10-2956301 


4*732624 


107 


11449 


1225043 


103440804 


4747459 


108 


11664 


1259712 


10-3923048 


4-7622aS 


109 


11881 


1295029 


10-4403065 


4*776856 


HO 


12100 


1331000 


10-4880885 


4-791420 


111 


12321 


1367631 


10*5356538 


4-805896 


112 


12544 


1404928 


10-5830052 


4820284 


113 


12769 


1442897 


10-6301458 


4-834588 


U4 


12996 


1481544 


10-6770783 


4848808 


115 


13225 


1620875 


1O-7.238053 


4-862944 


116 


13456 


1560896 


107703296 


4-876999 ' 


117 


13689 


1601613 


10-8166538 


, 4-890973 

1 


U8 


13924 


1643032 


10-8627805 


4-904868 


119 


14161 


1685159 


10 9087121 


4*918685 


120 


14400 


1728000 


10-9544512 


4*932424 


121 


14641 


1771561 


110000000 


4.946088 

1 


V2^ 


14884 


1815848 


11 04536 Ip 


4*959675 


n$ 


15129 


1860867 


/I I 0905366 


4-973190 


124 


15376 


1906624 


11'1355287 


4-986631 


125 


15625 


1953125 


11' 1803399 


5-000000 

1 • 


ne 


15876 


2000376 


11-2249722 


.5013298 


127 


16129 


2048383 


11^694277 


5026526 


' 128 ' 


16384 


2097152 


11-3137085 


5039684 


129 


16641 


2146689 


11-3578I67 


5052774 


130 


16900 


2197000 


11-4017543 


5065797 


lai 


17161 


2248091 


11-4455231 


5078753 


13^ 


17424 


2299968 


11-4891253 


5091643 


133 


17689 


2352637 


11-6325626 


5- 104469 


134 


17956 


2406104 


1 1-5758369 


5117230 


1 135 


18225 


2460375 


11-6189500 


5- 129928 
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NiHuber. 


Square* 


Cube. 


Square Root. 


Cabe Root. 


136 


18496 


2515456 


11-6619038 


5- 142563 


137 


18769 


2671353 


11-7046999 


6-155137 


138 


19044 


2628072 


11-7473444 


5-167649 


139 


19321 


2685619 


11-7898261 


5-180101 


140 


19600 


2744000 


118321696 


5-a 92494 


141 


19881 


2803221 


118743421 


5-204828 


14^ 


20164 


2863268 


11-9163753 


5-217103 


143 


20449 


2924207 


H-958'2607 


5-229321 


144 


20736 


2985984 


120000000 


5-241482 


145 


21025 


3048625 


12<H15946 


5*253588 


146 


21316 


3112136 


12*0830460 


5-265637 


147 


21609 


3176523 


121243557 


5-277632 


148 


21904 


3241792 


12-1655251 


5-289572 


149 


22201 


3307949 


12-2065556 


5-S01469 


150 


22500 


3375000 


12-2474487 


5-313293 


151 


22801 


3442951 


12-2882057 


5-325074 


159 


23104 


3511808 


12-3288280 


6336803 


153 


23409 


3581577 


12-3693169 


6-34S481 


154 


23716 


3652264 


12*4096736 


6-360108 


155 


24025 


3723875 


12-4498996 


6-371665 


156 


24336 


3796416 


12-4899960 


6-383213 


157 


24649 


3869893 


12-5299641 


5-394690 


158 


24964 


3944312 


12-5698051 


5406120 


159 


25281 


4019679 


12-6095202 


5-417501 


160 


25600 


4096000 


12*6491106 


5-428835 


161 


25921 


4173281 


12-6885775 


5*440122 


163 


26244 


4251528 


12-7279221 


6-451362 


163 


26569 


4330747 


12-7671453 


5-462556 


164 


26896 


4410944 


12*8062485 


5-473703 


165 


27225 


4492125 


12-8452326 


5-484806 


166 


27556 


4574296 


12-8840987 


5-495865 


167 


27889 


4657463 


129228480 


5-506879 


168 


28224 


4741632 ^ 


12-9614814 


5-5 17^48 


169 


28561 


4826809 


130000000 


5-fe28775 


170 


28900 


4913000 


13-0384048 


5'5396&8 


171 


29241 


5000211 


13*0766968 


6-650499 


172 


29584 


5088448 


131148770 


6-561298 


173 


29929 


5177717 


131529464 


5-672054 


174 


30276 


5268024 


13-1909060 


5582770 


175 


30625 


5359375 


1 3*2287566 


5-593445 


176 


30976 


5451776 


13-2664992 


5-604079 


177 


31329 


5545233 


13-3041347 


5-614673 


17fi 


31684 


5639752 


13-3416641 


5-625226 


179 


32041 


5735339 


13-3790882 


5-635741 


180 


32400 


583S000 


13-4164079 


5-^46216 
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Nomber. 


Sqoara. 


Cabe. 


SqaaM Root. 


Cube Root. 


181 


32761 


5929741 


13-4536240 


5656652 


182 


33124 


6028568 


13-4907376 


5-667051 


183 


334 S9 


6128487 


13-5277493 


5-677411 


184 


33856 


6229504 


13-5646600 


5-687734 


185 


34225 


6331^5 


13 6014705 


5-698019 


186 


34596 


6434856 


13-6381817 


5-708267 


187 


34969 


6539203 


13 0747943 


5-7.18479 


188 


35344 


6644672 


13-7113092 


5-728654 


189 


35721 


6761269 


13-7477271 


5-738794 


190 


36100 


6859000 


13-7840488 


5-748897 


191 


36481 


6967871 


13-8202750 


5-758965 


192 


36864 


7077888 


13-8564065 


5-768998 


193 


37^49 


7189057 


13-8924440 


5778996 


194 


37636 


7301384 


13-9283883 


5.788960 


195 


38025 


7414875 


13-9642400 


5798890 


196 


38416 


7629536 


14'(XXX)000 


5808786 


197 


38809 


764537'3 


14*0356688 


5-818648 


198 


39204 


7762392 


140712473 


6828476 


199 


39601 


7880599 


141067360 


'6-838272 


200 


40000 


8000000 


14-1421356 


5-848035 


201 


40401 


8120601 


141774469 


5857766 


202 


40804 


8242408 


14-2126704 


5867464 


203 


41209 


8365427 


14-2478068 


5-877130 


204 


41616 


8489^64 


14-2828569 


5-886765 


205 


42025 


8615125 


14-3178211 


5-896368 


206 


42436 


8741816 


143527001 


5-905941 


207 


42849 


8869743 


14-3874946 


5-915481 


208 


43264 


8998912 


14-4222051 


5924992 


209 


43681 


9129329 


14-4568323 


5-934473 


210 . 


44100 


9261000 


14-4913767 


5*943922 


211 


44521 


9393931 


14-5258390 


5-953341 


212 


44944 


9528128 


14*5602198 


5-96273 1 


213 


45369 


9663597 


14.5945195 


5-972092 


214 


45796 


9800344 


14-6287388 


5-981426 


215 


46225 


9938375 ' 


146628783 


5990727 


216 


46656 


10077696 


14*6969385 


600000a 


217 


47089 


10218313 


14.7309199 


6009244 


218 


47524 


10360232 


14*7648231 


6.018463 


219 


47961 


10503459 


14*7986486 


6027650 


250 


48400 


10648000 


14*8323970 


6036811 


221 


48841 


10793861 


14*8660687 


6-045943 


222 


49284 


10941048 


14*8996644 


6055048 


223 


49729 


11089567 


14*9331845 


6 064126 


224 


50176 


11239424 


14*9666295 


6-073177 


225 ' 


50625 


11390625 


15-0000000 


6-082201 



I 
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Number. 


Square. 


Cube. 


Square Root. 


Cube Hoot 

* 


226 


51076 


11643176 


15*0332964 


6-091199 


227 


51529 


11697083 


150665192 


6- 100170 


228 


51984 


11852352 


150996689 


6109U5 


229 


52441 


12008989 


151327460 


6*118032 


230 


52900 


12167000 


15* 1657^09 


6-126925 


231 


53361 


12326391 


151986842 


6135792 


232 


53824 


12487168 


152315462 


6*144634 


233 


54289 


12649337 


16*2643376 


6*163449 


234 


54756 


12812904 


15 2970685 


6*162239 


235 


55225 


12977875 


15-3297097 


6171005 


236 


55696 


13144256 


15*3622915 


6*179747 


237 


56169 


13312053 


15*3948043 


6-188463 


238 


56644 


13481272 


16*4272486 


6197154 


239 


67121 


13651919 


15*4596248 


6205821 


240 


67600 


13824000 


15-4919334 


6-214464 


241 


5808 1 


13997521 


15*5241747 


6-22?084 


242 


58564 


1417248S 


15-5663492 


6-231678 


243 


69049 


14348907 


15-6884573 


6 240251 


244 


69536 


14526784 


15-6204994 


6248800 


245 


60025 


14706125 


15-6524758 


6257324 


.246 


60516 


14836936 


15-6843871 


6-265826 


247 


61009 


15069^223 


15-7162336 


6274304 


248 


61504 


15252d92 


, 15-7480 157 


6282760 


249 


62001 


15438249 


15-7797338 


6-291194 


250 


62500 


15625000 


15-8113883 


6299604 


251 


63001 


15813251 


45-8429795 


6-307992 


.252 


63504 


16003008 


15 8745079 


631635^ 


253 


64009 


16194277 


15 9059737 


6-324704 


254 


64516 


16387064 


15-9373775 


6*333025 


256 


65025 


16581^75 


15-9687194 


6-341325 


256 


65536 


16777216 


160000000 


6-349602 


257 


66049 


"16974593 


160312195 


6-357859 


258 


66564 


17173512 


160623784 


6-366096 


259 


67081 


17373979 


160934769 


6*374310 


260 


67600 


17576000 


'161246165 


6*382504 


261 


68121 


17779581 


16*1554944 


6-390676 


262 


68644 


17984728 


16*1864141 


6398827 


263 


69169 


18191447 


16*2172747 


6*406958 


264 


69696 


18399744 


162480768 


6*415068 


265 


70225 


18609625 


16*2788206 


6*423157 


266 


70756 


18821096 


16 3095064 


6*431226 


267 


71289 


19034163 


16*3401346 


6-439276 


,268 


71824 


19248832 


16*3707055 


6-447305 


269 


72361 


19465109 


16-4012196 


6*455314 


270 


72900 


19683000 


16*4316767 


6-463304 



r 572 1 



Nomber. 


Sqqare. 


Cube. 


Square Boot* 


CnbeRbol. 


«71 


73441 


19902511 


16-4620776 


6-471274 


972 


73984 


20123648 


)6-4924225 


6-479224 


273 


74529 


20346417 


16-52271 16 


6*487153 


374 


75076 


20570824 


16-5529454 


6-495064 


275 


75625 


20796875 


16 5831240 


6-502956 


27^ 


76176 


21024576 


16-6132477 


6-510829 


277 


76729 


21253933 


16-6433170 


6*518684 


278 


77284 


21484952 


16-6733320 


6526519 


279 


77841 


21717639 


16-7032931 


6^34335 


280 


7840O 


21952000 


16-7332005 


6542132 


281 


78961 


22188041 


16-7630546 


6-549911 


282 


79524 


22425768 


16*7928556 


6-557672 


283 


80089 


22665187 


16*8226038 


6*565415 


284 


60656 


22906304 


16-8522995 


6*573139 


285 


81225 


23149125 


16-8819430 


6-580S44 


286 


81796 


23393656 


16-9115345 


6-588531 


287 


82369 


23639903 


16-9410743 


6'g962(» 


288 


82944 


23887872 


16-9705627 


6-603854 


289 


83521 


24137569 


17-0000000 


6*611488 


290 


84100 


24389000 


170293864 


6-619106 


291 


84681 


24642171 


170587221 


6626705 


292 


85264 


24897088 


170880075 


6-$34287 


293 


85849 


25153757 


17*1172428 


6-641851 


294 


86436 


25412184 


17-1464282 


6-649399 


295 


87025 


25672375 


17-1755640 


6-656930 


296 


87616 


25934336 


17-2046505 


6-664443 


297 


88209 


26198073 


17*2336879 


6-671940 


298 


88Sa4 


26463592 


17-2626765 


6679419 


299 


89401 


26730899 


17-2916165 


6-686882 


300 


90000 


27000000 


17-3205081 


6*694328 


301 


90601 


27270901 


17-3493516 


6-701759 


302 


91204 


27543608 


17-3781472 


6*709172 


sas 


91809 


27818127 


17*4068952 


6-716569 


304 


92416 


28094464 


17-4355958 


6723950 


305 


93025 


28372625 


17-4642492 


6*731316 


306 


93636 


28652616 


17*4928557 


6*738665 


307 


94249 


28934443 


17-5214155 


6*745997 


308 


94864 


29218112 


17-5499268 


6-753313 


309 


95481 


29503629 


17-5783958 


6-760614 


310 


96100 


29791000 


17*6068169 


6*767899 


311 


96721 


30080231 


17*6351921 


6775168 


312 


97344 


30371328 


17*6635217 


6*782422 


313 


97969 


30664297 


17*6918060 


6-789661 


314 


98506 


30959144 


17*7200451 


6*796884 


315 


99225 


31265875 


17*748i239S 


6*804091 



[ 673 ] 



NoMber. 


Square. 


Cube. 


Square Root. 


Cube Boot. 


316 


99856 


31554496 


177763888 


6-811284 


317 


100489 


31855013 


17-8044938 


6-818461 


318 


101124 


32197432 


17-8325545 


6 825624 


319 


101761 


32461759 


17-8605711 


6-832771 


3^0 


102400 


32768000 


17-8885438 


6-839903 


3«1 


103041 


33076161 


179164729 


6 847021 


329 


103684 


33386248 


17-9443584 


6*854124 


323 


104329 


33698267 


17-9722008 


6 861211 


324 


104976 


34012224 


180000000 


6*868285 


325 


105625 


34328125 


180277564 , 


6875343 


326 


106276 


34645976 


18-0554701 


6382388 


327 


106929 


34965783 


180831413 


6-889419 


328 


107584 


35287552 


181107703 


6-896435 


329 


108241 


35611289 


181383571 


6-903436 


330 


108900 


35937000 


181659021 


6-910423 


331 


109561 


35264691 


181934054 


6-917396 


332 


110224 


36594368 


18-2208672 


6-924355 


333 


110889 


36926037 


18-2482876 


6-931300 


334 


U1556 


37259704 


18^756669 


6 938232 


385 


112225 


37595375 


J8.3030052 


6 945149 


336 


112896 


37933056 


1833a3028 


6 952053 


337 


113569 


38272753 


18-3575598 


6-958943 


338 


114244 


38614472 


18-3847763 


6-965819 


339 


114921 


38958219 


18-4119526 


6972682 


340 


115600 


39304000 


18-4390889 


6-979532 


341 


116281 


39651821 


18-4661853 


6-986369 


342 


116964 


40001688 


18-4932420 


6-993191 


343 


117649 


40353607 


18-5202592 


7000000 


344 


118336 


40707584 


18-5472370 


7006796 


345 


119025 


41063625 


18-5741756 


7*013579 


346 


119716 


41421736 


18-6010752 


7-020349 


347 


120409 


41781923 


18-6279360 


7-027106 - 


348 


121104 


42144192 


186547581 


7*033850 


349 


121801 


42508549 


18-6815417 


7040681 


350 


122500 


42875000 


18-7082869 


7*047298 


351 

1 


123201 


43243551 


18-7349940 


7054003 


352 


123904 


43614208 


18-7616630 


7*060696 


353 


124609 


43986977 


18-7882942 


7067376 


354 


125316 


44361864 


18-8148877 


7*074043 


, 355 


126025 


44738875 


18*8414437 


7080698 


356 


126736 


4511S016 


18-8679623 


7087341 


357 


127449 


45499293 


18-8944436 


7093970 


358 


128164 


45882712 


18-9208879 


7 100588 


; 359 


128881 


46268279 


18-9472953 


7-107 193 


360 


129600 


46656000 


18-9736660 


7113786 



[ 674 ] 



Namber. 


Square. 


Cube. 


Square Root. 


Cube Root. 


361 


130321 


47045881 


19*0000000 


7-1208(67 


362 


131044 


47437928 


190262976 


7 126935 


363 


131769 


47832147 


190525589 


7133498 


364 


132496 


48228544 


190787840 


7140037 


365 


133225 


48627125 


191049732 


7146569 


366 


133956 


49027896 


19 1311265 


7153090 


367 


134689 


49430863 


' 1 91 572441 


7159599 


368 


135424 


49836032 


19*1833261 


7166095 


369 


136161 


50243409 


19-2093727 


7172580 


370 


136900 


50653000 


19 2353841 


7179054 


371 


137641 


51064811 


19-2613603 


7185516 


372 


138384 


51478848 


19-2873015 


7191966 


373 


139129 


51895117 


193132079 


7-198405 


374 


139876 


52313624 


19-3390796 


7-204832 


375 


140625 


52734375 


19-3649167 


7-211247 


376 


141376 


53167376 


19-3907194 


7-217652 


377 


142129 


53582633 


19-4164878 


7-224045 


378 


142884 


54010152 


19-4422221 


7-230427 


379 


143641 


54439939 


19-4679223 


7-236797 


380 


144400 


5487SOOO 


19 4935887 


7-243156 


381 


145161 


55306341 


195192213 


7-249504 


382 


145924 


55742968 


195448203 


7-255841 


383 


146689 


56181887 


19-5703858 


7-262167 


384 


147456 


56623104 


19-5959179 


7-268482 


385 


148225 


57066625 


19-6214169 


7-274786 


386 


148996 


57512456 


19-6468827 


7-281079 


387 


149769 


57960603 


19 6723156 


7-287362 


388 


150544 


58411072 


19-6977156 


7-293633 


389 


151321 


58863869 


19-7230829 


7-299893 


390 


152100 


59319000 


19-7484177 


,7-306143 


391 


152881 


59776471 


19-7737199 


7-312383 


392 


153664 


60236288 


19-7989899 


7-318611 


393 


154449 


60698457 


19-8242276 


7-324829 


394 


155236 


61162984 


19-8494332 


7-331037 


395 


156025 


, 61629875 


19-8746069 


7 337234 


396 


156816 


62099136 


19-8997487 


7-343420 


397 


157609 


62570773 


199248588 


7-349596 


398 


158404 


63044792 


19-9499373 


7-355762 


399 


159201 


63521199 


19-9749844 


7-361917 


400 


160000 


64(X)0000 


20-0000000 


7-368063 


401 


160801 


64481201 


200249344 


7-374198 


402 


161604 


64964808 


20-0499377 


7-380322 


403 


162409 


65450827 


20-0748599 


7-386437 


404 


163216 


65939264 


200997512 


7-392542 


405 


164025 


66430125 


201246118 


7-398636 

— : — . - ■■ ■■' 



[ 675 ] 



NbtDber. 


Square. ^ 


Cube. 


Square Root. 


Cube B4M>t. 


406 


164836 


66923416 


201494417 


7404720 


407 


165649 


67419143 


201742410 


7*410794 


408 


166464 


67917312 


20-1990099 


7-416859 


409 


167281 


68417929 


20-2237484 


7-422914 


410 


168100 


68921000 


20-2484567 


7*428958 


411 


168921 


69426531 


20-2731349 


7-434993 


413 


169744 


69934528 


20 2977831 


7-441018 


413 


170569 


70444997 


20-3224014 


7-447034 


414 


171396 


70957944 


203469ii99 


7-453039 


415 


172225 


71473375 


20-3715488 


7-459036 


416 


173056 


71991296 


20-3960781 


7-465022 


417 


173889 


72511713 


204205779 


7-470999 


418 


174724 


73034632 


20-4450483 


7-476966 


419 


175561 


73560059 


20-4694895 


7*482924 


4«0 


176400 


74088000 


20-4939015 


7-488872 


4^1 


177241 


74618461 


20-5182845 


7-494810 


422 


178084 


75151448 


20-6426386 


7-560740 


423 


178929 


75686967 


20-5669638 


7-506660 


424- 


179776 


76225024 


20-5912603 


7-512571 


425 


180625 


76765625 


20-61552^1 


7-518473 


426 


181476 


77308776 


20-6397674 


7-524365 


427 


182329 


77854483 


20-6639783 


7-530248 


428 


183184 


78402752 


20-6881609 


7-536122 


429 


184041 


78953589 


207123152 


7-541986 


430 


184900 


79507000 


20 7364414 


7-547842 


431 


185761 


80062991 


207605395 


7*553688 


432 


186624 


80621568 


20-7846097 


7-559525 


433 


187489 


81182737 


20-8086520 


7-565355 


434 


188356 


81746504 


20 8326667 


7571173 


435 


189225 


82312875 


208566536 


7-576984 


436 . 


190096 


82881656 


20.8806130 


7-582786 


437 


190969 


aS453453 


20-9045450 


7*588579 


438 


191844 


84027672 


20-9284495 


7-594363 


439 


192721 


84604519 


20-9523268 


7-600138 


440 


193600 


85184000 


209761770 


7*605905 


441 


194481 


85766121 


210000000 


7-61 1662 


442 


195364 


86350888 


210237960 


7 617411 


443 


196249 


86938307 


210475652 


7*623151 


444 


1971S6 


87528384 


21-0713075 


7*628883 


445 


198025 


88121125 


21.0950231 


7*634606 


446 


198916 


88716536 . 


21-1187121 


7640321 


447 


199809 


89314623 


21- 1423745 


7*646027 


448 


200704 


8991 5392 


21-1660105 


7-651726 


449 


201601 


90518849 


21-1896201 


7*657414 


450 


202500 


91125000 


21-2132034 


7-663094 



[ 576 3 



Namber. 


Square. 


Cube. 


' Square Root* 


Cube Root. 


.461 


303401 


91733851 


31-3367606 


7-668766 


453 


304304 


93345408 


31-3603916 


7-674430 


453 


305309 


93959677 


31-3837967 


7-680085 


-454 


206116 


93576664 


31 -3073758 


7-685732 


455 


207035 


94196375 


21-3307390 


7-691371 


456 


307936 


94818816 


31-3541565 


7-697002 


457 


308849 


95443993 


31-37755aS 


7-7036*24 


458 


309764 


96071912 


21*4009346 


7-708338 


459 


310681 


96703579 


31-4343853 


7-713844 


460 


311600 


97336000 


31-4476106 


7-719443 


461 


313521 


97973181 


31*4709106 


7-735033 


463 


313444 


98611138 


31-4941853 


7-730614 


463 


314369 


99352847 


31-5174348 


. 7-736187 


464 


315396 


99897344 


31-5406593 


7-741753 


465 


316335 


100544635 


31*5638587 


7-747310 


466 


317156 


101194696 


31-5870331 


7-753860 


467 


318089 


101847563 


31*6101838 


7-758403 


468 


319034 


103503333 


31-6333077 


7-763936 


469 


3199(il 


103161709 


31-6564078 


7-769463 


470 


220900 


103833000 


31-6794834 


7-774980 


471 


231841 


104487111 


31-7035344 


7-780490 


473 


222784 


105154048 


31-7355610 


7-785993 


473 


233739 


105833817 


21*7485633 


7-791487 


474 


224676 


106496434 


31-7715411 


7796974 


475 


225635 


107171875 


31*7944947 


7*803453 


476 


226576 


107850176 


31-8174343 


7*807925 


477 


227529 


108531333 


31-8403397 


7-813389 


478 


228484 


109215353 


31*8633111 


7*818845 


479 


229441 


109903239 


318860686 


7*834394 


480 


230400 


1 10593000 


31-9089033 


7*839735 


481 


231361 


111384641 


31*9317133 


7*835168 


483 


233334 


111980168 


31-9544984 


, 7-840594 


483 


233389 


1 13678587 


21-9773610 


7*846013 


484 


234356 


113379904 


330000000 


7-851434 


485 


235335 


114084135 


33 0337155 


7-B56838 


486 


336196 


114791356 


23-0454077 


7*863234 


487 


237169 


115501303 


32 0680765 


7-867613 


488 


238144 


116214373 


220907230 


7*872994 


489 


339131 


116930169 


33-1133444 


7-878368 


490 


240100 


117649000 


33-1359436 


7*883736 


491 


241081 


118370771 


231585198 


7889096 


493 


243064 


119095488 


33181073O 


7-894446 


493 


243049 


119833157 


23-3036033 


7-899791 


494 


244036 


130553784 


33-3361108 


7-905139 


495 


245035 


131387375 


333485955 


7 910460 



[ 577 1 



Namber. 


Squ&re. , 


Cube. 


Square Root. 


Cube Root. 


496 


246016 


122023936 


22-2710575 


7-915784 


497 


247009 


122763473 


222934968 


7*921100 


498 


248004 


123505992 


22-3159136 


7-926408 


499 


249001 


124251499 


22 3383079 


7*931710 


500 


250000 


125000000 


22-3606798 


7-937005 


501 


251001 


125751501 


22-3830293 


7-942293 


50^ 


252004 


126506008 


22-4053565 


7-947573 


503 


253009. 


127263527 


22,-4276615 


7-952847 


504 


254016 


128024064 


22-4499443 


7-958114 


505 


255025 


128787625 


22-4722051 


7963374 


506 


256036 


129554216 


22-4944438 


7-968627 


507 


257049 


130323843 


22-5166605 


7973873 


508 


258064 


131096512 


22*5388553 


7-979112 


509 


259081 


131872229 


225610283 


7*984344 


510 


260100 


132651000 


22*5831796 


7*989569 


511 


261121 


133432831 


22-6053091 


7*994788 


512 


262144 


134217728 


22-6274170 


8000000 


513 


263169 


135005697 


22-6495033 


8-005205 


514 


264196 


135796744 


22-6715681 


8*010403 


515 


265225 


136590875 


22-6936114 


8015595 


516 


266256 


137388096 


22-7156334 


8-020779 


617 


267289 


138188413 


22-7376340 


8025957 


518 


268324 


138991832 


22-7596134 


8-031129 


519 


269361 


139798359 


22-7315715 


8036293 


520 


270400 


140608000 


22-8035085 


8041451 


5^1 


271441 


141420761 


22-8254244 


8-046603 


522 


272484 


142236648 - 


22-8473193 


8-051748 


523 


273529 


143055667 


22-8691933 


8056886 


524 


274576 


143877824 


22-8910463 


8-062018 


525 


275625 


144703125 


22-9128785 


8067143 


526 


276676 


145531576 


22-9346899 


8-072262 


527 


277729 


146363183 


22-9564806 


8-077374 


528 


278784 


147197952 


22-9782506 


8082480 


529 


279841 


148035889 


23-0000000 


8087579 


530 


280900 


148877000 


230217289 


8-092672 


531 


281961 


149721291 


230434372 


8-097758 


532 


283024 


150568768 


230651252 


8102839 


533 


284089 


151419437 


230867928 


8-107912 


534 


285156 


152273304 


23.1084400 


8112980 


535 


286225 


153130375 


23-1300670 


8-118041 


536 


287296 


153990656 


23-1516738 


8 123096 


537 


288369 


154854153 


23-1732605 


8-128144 


538 


289444 


155720872 


23-1948270 


8133186 


539 


290521 


156590819 


23-2163735 


8-138223 


540 


291600 


157464000 


23-2379001 


8143253 



a a 



L 578 ] 



Number. 


Square. 


Cabe. 


1 
Square Root* 


' Cabe^Aoot. 


541 


292681 


158340421 


23*2594067 


8-148276 


542 


293764 


159220088 


23*2808935 


8-153293 


543 


294849 


l6OiaS0O7 


23*3023604 


8*158305 


544 


295936 


160989184 


28-3238076 


8-163309 


545 


297025 


161878625 


23*3452351 


8-168309 


546 


298116 


162771336 


23*3666429 


8-173302 


547 


299209 


163667323 


23-3880311 


8178289 


548 


300304 


164566592 


23*4093998 


8183269 


549 


301401 


165469149 


23 4307490 


8-188244 


550 


3O2500 


166375000 


23*4520788 


8-193212 


551 


303601 


167284151 


23*4733892 


8198175 


552 


304704 


168196608 


23*4946802 


8-203131 


553 


305809 


169112377 


23*5159520 


8*208082 


554 


306916 


170031464 


23-5372046 


8-213027 


555 


308025 


170953875 


23-5584380 


8-217965 


556 


309136 


171879616 


23*5796522 


8*222898 


557 


310249 


172808693 


23*6008474 


8*227825 


558 


311364 


173741112 


23*6220236 


8-232746 


559 


312481 


174676879 


23*6431808 


8-237661 


560 


313600 


1756 J 6000 


23 6643191 


8*242570 


561 


314721 


176558481 


23*6854386 


8*247474 


662 


315844 


177504328 


23-7065392 


8-252371 


563 


316969 


178453547 


23*7276210 


8*257263 


564 


318096 


179406144 


23-7436842 


8-262149 


565 


319225 


180362125 


23*7697286 


8*267029 


566 


320356 


181321496 


237907545 


8-271903 


567 


321489 


182284263 


23-8117618 


8*276772 


568 


322624 


183250432 


23-8327506 


8-281635 


569 


323761 


184220009. 


23-8537209 


8-286493 


670 


324900 


185193000 


23-8746728 


8-291344 


571 


326041 


186169411 


23*8956063 


8-296190 


572 


327184 


187149248 


^3-9165215 


8*301030 


573 


328329 


188132517 


23*9374184 


8-305865 


574 


329476 


189119224 


23-9582971 


8-310694 


575 


330625 


190109375 


23*9791576 


. 8-315517 


576 


331776 


191102976 


24-OODOOOO 


8320335 


577 


332929 


192100033 


24-0208243 


8325147 


57« 


334084 


193100552 


2404 16306 


8-329954 


579 


335241 


' 194104539 


240624188 


8*334755 


580 


336400 


195112000 


24'0asi892 


8-339551 


581 


337561 


196122941 


24*1039416 


8344341 


582 


338724 


197137368 


24-1246762 


8*349125 


583 


339889 


198155287 


241453929 


8*353904 


584 


341056 


199176704 


24*1660919 


8'358678 
8*363446 


^ 585 


342225 


200201625 


24-1867732 



t S79 1 



Number* 


Square. 


Cabe. 


Square Root. 


Cabe Root. 


686 


343396 


201230056 


24*2074369 


8368209 


587 


344569 


202262003* 


24*2280829 


8;372966 


688 


345744 


203297472 


242487113 


8-377718 


589 


346921 


204336469 


24-2693222 


8-332465 


590 


348100 


205379000 


24-2899156 


8-387206 


691 


349281 


206425071 


24-3104916 


8*391942 


592 


350464 


207474688 


Sf4-33 10501 


8*396673 


593 


351649 


20S527857 


243515913 


8-401398 


594 


352836 


209584684 


24-372 11 52 


8-406118 


595 


354026 


210644875 


243926218 


8-410832 


596 


355216 


211708736 


24-4131112 


8-415542 


597 


356409 


212776173 


24-4335834 


8-420246 


598 


357604 


213847192 


24-4540385 


8-424944 


599 


358801 


214921799 


244744765 


8-429638 


600 


360000 


216000000 


24-4948974 


8*434327 


601 


361201 


217081801 


24-5153013 


8-439009 


60S 


362404 


218167208 


24 5356883 


8-443687 


603 


363609 


219256227 


24-5560583 


8-44836Q 


604 


364816 


220348864 


24-57641 15 


8-453028 


605 


366025 


221445126 


24-5967478 


8-457690 


606 


367236 


222545016 


24-6170673 


8-462347 


607 


368449 


223648543 


24 6373700 


8-466999 


608 


369664 


224755712 


246576560 


8-471647 


609 


370881. 


225866529 


24-6779284 


8-476289 


610 


372100 


226981000 


24-6981781 


8-480926 


611 


373321 


228099131 


24-7184142 


8*485557 


619 


374544 


229220928 


24-7386338 


8-490184 


613 


375769 


230346397 . 


24*7588368 


8*494806 


614 


376996 


231475544 


24-7790234 


8*499423 


615 


37S225 


232608375 


24-7991936 


8*504035 


616 


379456 


233744896 


24*8193473 


8-508641 


617 


380689 


234885113 


24-8394847 


8-513243 


^ 618 


381924 


236029032 


24*8596058 


8-517840 


619 


383161 


237176659 


24-8797106 


8*522432 


620 


384400 


238328000 


24*8997992 


8*527018 


621 


385641 


239483061 


24*9198716 


8*531600 


622 


386884 


240641848 


24*9399278 


8536178 


623 


388129 


241804367 


24-9599679 


8-540750 


624 


389376 


242970624 


2497^9920 


8-545317 


625 


390625 


244140625 


250000000 


8-549879 


626 


391876 


245314376 


25-0199920 


8-554437 


627 


393129 


246491883 


250399681 


8-558990 


6^18 


394384 


247673152 


25-0599282 


8-563537 


629 


395641 


248858189 


250798724 


8568O80 


630 


396900 


250047000 1 ^50998008 


8-572618 



Q Q 2 



[ 580 ] 



Number. 


Square. 


631 


39S161 


632 


399424 


633 


40068^ 


634 


401956 


635 


403225 


636 


404496 


637 


405769 


63S 


407044 


639 


408321 


640 


409600 


641 


410881 


642 


4121-64 


643 


41344-9 


644 


414736 


645 


416025 


646 


417316 


647 


418609 


648 


419904 


649 


421201 


650 


422500 


651 


423801 


652 


425104 


653 


426409 


654 


427716 


655 


429025 


656 


430336 


657 


431649 


658 


432964 


659 


434281 


660 


435600 


661 


436^21 


eo'i 


438244 


663 


439569 


664 


440896 


665 


442225 


666 


443556 


667 


444889 


668 


446224 


669 


447561 


670 


448900 


671 


450241 


672 


451584 


673 


452929 



Cobe. 



674 
675 



454276 
455625 



T 



251239591 
252435968 

253636137 
254840104 
256047875 
257259456 
259474853 
959694072 
260917119 
262144000 
263374721 
264609288 

265847707 
2670S9984 
268336125 
269586136 
270840023 
272097792 
273359449 
274625000 
275894451 
277167808 
278445077 
279726264 
281011375 
282300416 
283593393 
284890312 
286191179 
287496000 
288804781 
290U7528 
29.1434247 
292754944 
294079625 
295408296 
296740963 
298077632 
299418309 
300763000 

302111711 
303464448 

304821217 
306182024 
307546875 



Square Root. 



251197134 

25- 1396102 

251594913 

25-1793566 

25' 199^063 

25*2190404 

25-2388589 

25-2586619 

25-2784493 

25*2982213 

25-3179778 

25-3377189 

25-3574447. 

25 3771551 

25-3968502 

25*4165301 

25*4361947 
25-4558441 
25-4754784 

25-4950976 
25-5147016 

25-5342907 
25-5538647 
25-5734237 
25-5929678 

25-6124969 
25-6320112 

25-6515107 
25-6709953 

^5-6904652 
25*7099208 

25-7293607 
25-7487864 
25-7631975 
25-7875939 
25-8069758 
25-8263431 
25-8456960 
25-8650343 
25-8843582 

26-9036677 
25-9229628 
25-9422435 
25-9615100 
25-9807621 



Cube Boot 

8-577152 
8*581680 
8-586204 
8-690723 
8-595238 

8-599747 
8-604252 
8-608752 
8-613248 
8*617738 
8-622224 
6-626706 
8*631183 
8*635656 
8-640122 
8*644585 
8*649043 

8-653497 
8-657946 

8*66239 J 
8-666831 
8-671266 

8-675697 
8680123 
8-684545 
8-688963 
8-693376 
8-697784 
8-702188 

8706587 
8*710982 
8*715373 
8 719759 
8-724141 
8*728518 
8-732891 
8-737260 

8-741624 
8-745984 
8-750340 
8-754691 
8-759038 
8-763380 
S-767719 
8-772053 



[ 681 ] 



Namber. 


Square. 


Cdbe. 


Square £oot. 


CabaEoot. 


676 


456976 


308915776 


26-0000000 


8-776382 


677 


458329 , 


310288733 


260192237 


8780708 


678 


459684 


311665752 


26*038433 1 


8*785029 


679 


461041 


313046839 


260576284 


8*789346 


680 


462400 


314432000 


26-0768096 


8*793659 


681 


463761 


315821241 


260959767 


8*797967 


682 


465124 


317214568 


261151297 


8802272 


683 


466489 


318611987 


261342687 


8*806672 


684 


467866 


320013504 


261533937 


8*810868 


685 


469225 


321419125 


26-1725047 


8*815159 


686 


470596 


322828856 


261916017 


8*819447 


687 


471969 


324242703 


26-2106848 


8-823730 


688 


473344 


325660672 


262297541 


8*828009 


689 


474721 


327082769 


26*2488095 


8-832286 


690 


476100 


32S509O0O 


26-2678511 


8*836556 


691 


477481 


3299393/1 


26-28()8789 


8*840822 


692 


478864 


331373888 


26'-3058929 


8*845085 


693 


480249 


332812557 


26-3248932 


8*849344 


694 


481636 


334255384 


26-3438797 


8-853598 


695 


4a8025 


335702375 


26*3628527 


8*857849 


696 


484416 


337153536 


26 3818119 


8-862095 


697 


485809 


338608873 


26 4007576 


8-866337 


698 


487204 


340068392 


26-4196896 


8*870575 


699 


488601 


341532099 


26-4386081 


8-874809 


700 


490000 


343000000 


26*4575131 


8 879040 


701 


491401 


344472101 


26-4764046 


8*883266 


702 


492804 


345948408 


26*4952826 


8*887488 


703 


494209 


347428927 


26-5141472 


8-891706 


704 


495616 


348913664 


26-5329983 


8*895920 


705 


497025 


350402625 


26-5518361 


8*900130 


706 


498436 


351895816 


26-5706605 


8-904336 


707 


499849 


353393243 


26*5894716 


8-908538 


708 


501264 


354894912 


26-6082694 


8*912736 


709 


502681 


356400829 


26-6270539 


8-916931 


710 


504100 


357911000 


26*6458252 


8-921121 


711 


505521 


359425431 


26*6645833 


8-925307 


712 


506944 


360944128 


26*6833281 


8-929490 


713 


508369 


362467097 


26-7020598 


8-933668 


714 


509796 


363994344 


26*7257784 


8-937843 


715 


511225 


365525875 


26-7394839 


8-942014 


716 


512656 


367061696 


26*7581763 


8*946180 


717 


514089 


368601813 


26*7768557 


8*950343 


718 


515524 


370146^32 


26*7955220 


8*954602 


71? 


516961 


371694959 


26-8141754 


8958658 


720 


518400 


373248000 


26-8328157 


8962809 



y 



[ &82 ] 



Namber. 


Square. 


Cnbe* 


Square Boot. 


CiriMlboot. 


721 


519841 


374805361 


26*8514432 


8966957 


7^« 


521284 


376367048 


26-8700577 


8 971100 


7«3 


522729 


377933067 


26-8886593 


8-975240 


724 


524176 


379503424 


26-9072481 


8979376 


725 


525625 


38107B125 


26-9258240 


8983508 


72(5 


527076 


382657176 


26-9443872 


8-987637 


727 


528529 


384240583 


26-9629376 


8-991762 


728 


529984 


385828352 


26-9814761 


8-995883 


729 


531441 


387420489 


270000000 


9-000000 


7SO 


632900 


389017000 


27-0185122 


9004113 


731 


534361 


390617891 


27-0370117 


9008222 


732 


535824 


392223168 


27*0554985 


9.012328 


733 


537289 


393832837 


270739727 


•9*016430 


734 


538756 


395446904 


270924344 


9020529 


735 


540225 


397065375 


27*1108834 


9*024623 


736 


541696 


398688256 


271293199 


9 028714 


737 


543169 


400315553 


27-1477439 


9*032802 


738 


544644 


401947272 


27-1661554 


9036885 


739 


546121 


403583419 


27*1845544 


9 040965 , 


740 


547600 


405224000 


27-2029410 


9-045041 


741 


549081 


406669021 


27-2213152 


9-049114 


742 


550564 


408518488 


27-2396769 


9*053183 


743 


552049 


410172407 


27-2580263 


9'057«48 


744 


553536 


411830784 


27-2763634 


9061309 


745 


555025 


413493625 


272946881 


9-065367 


746 


556516 


415160936 


27-3130006 


9-069422 


747 


558009 


416832723 


273313007 


9-073472 


748 


559504 


418508992 


27-3495887 


9-077619 


749 


561001 


420189749 


27-3678644 


9081563 


750 


562500 


421875000 


27-3861279 


9*085603 


751 


564001 


423564751 


27-4043792 


9089639 


752 


565504 


425259006 


27-4226184 


9*093672 


753 


567009 


426957777 


27-4403455 


9-097701 


754 


568516 


428661064 


27-4590604 


9-101726 


755 


570025 


430368875 


27-4772633 


9105748 


756 


571536 


432081216 


27*4954542 


9109766 


75r 


573049 


433798093 


27-5136330 


9-113781 


758 


574564 


435519512 


27-5317998 


9-117793 


769 


576081 


437245479 


27*5499546 


9-121801 


760 


577600 


438976000 


27-5680975 


9-125805 


761 


579121 


440711081 ^ 


27-5862284 


9*129806 


762* 


580644 


442450728 


27-6043475 


9)33808 


763 


582169 


444194947 


27-6224546 


9137797 


764 


583696 


445%43744 


27-6405499 


9141788 


765 


585225 


,447697125 


27-6566334 


9-145774 



I 583 ] 



Nmnbor. 


Square, 


Cabe. 


Square Rooti 


Cube Root. 


766 


586756 


449455096 


^27*6767050 


9*149757 


767 


588289 


451217663 


27-6947648 


9-153737 


768 


589824 


452984832 


27*7128129 


9157713 


769 


591361 


454756609 


277308492 


9161686 


770 


592900 


456533000 


27*7488739 


9165656 


771 


594441 


458314011 


27*7668868 


9169622 


772 


595984 


460099648 


27-7848880 


9173585 


773 


597529 


461889917 


27*8028775 


9*177544 


774 


599076 


463684824 


27*8208555 


9*181500 


775 


600625 


465484375 


27*8388218 


9*185452 


776 


602176 


467288576 


27*8567766 


9*189401 


777 


603729 


469097433 


27*8747197 


9193347 


778 


605284 


470910952 


27*8926514 


9-197289 


779 


60684 L 


472729139 


27*9105715 


9-201228 


780 


6084G0 


474552000 


27*9284801 


9*205164 


781 


609961 


476379541 


27*9463772 


9*209096 


782 


611524 


478211768 


27*9642629 


9*213025 


783 


613089 


480048687 


27-9821372 


9*216950 


784 


614656 


481890304 


280000000 


9-220872 


785 


G 16225 


483736125 


280178515 


9*224791 


786 


617796 


485587656 


280356915 


9-228706 


787 


619369 


487443403 


28*0535203 


9*232618 


788 


620944 


489303872 


28-0713377 


9-236527 


. 789 


622521 


491169069 


28*0891438 


9-240433 


790 


624100 


493039000 


281069386 


9*244335 


791 


625681 


494913671 


28*1247222 


* 9*248234 


792 


627264 


496793088 


28*1424946 


9*252130 


793 


628849 

1 


498677257 


281602557 


9*256022 


794 


630436 


500566184 


28*1780056 


9 259911 


795 


632025 


502459875 


281957444 


9-263797 


796 


633616 


504358336 


28*2134720 


9-267679 


797 


635209 


506261573 


282311884 


9*271559 


798 


636804 


508169592 


28*2488938 


9-275435 


799 


638401 


510082399 


28 2665881 


9*279306 


800 


640000 


512000000 


28*2842712 


9 283177 


801 


641601 


513922401 


28*3019434 


9-2^7044 


802 


643204 


515849.608 


283196045 


9*290907 


8as 


644809 


517781627 


28*3372546 


9-294767 


£i04 


646416 


519718464 


28-3548938 


9-298623 


805. 


648025 


521660125 


28*3725219 


9302477 


806 


649636 


523606616 


28*3901391 


9306327 


807 


651249 


525557943 


28*4077454 


9-31017^ 


808 


652864 


527514112 


28*4253408 


9*314019 


809 


654481 


529475129 


28*4429253 


9-317»59 


1 810 


656100 


531441000 28*4604989 


9-321697 



C 884 1 



■ 

Nambcr. 


Square. 


Cabe. 


Square Boot. 


Cube Root. 


811 


657721 


533411731 


28-4780617 


9-325532 


812 


659344 


535387328 


284956137 


9-329363 


813 


660969 


537366797 


28-5131649 


9 333191 


814 


662596 


539353144 


28-5306852 


9-337016 


815 


664225 


541343375 


28-5482048 


9*340838 


816 


665856 


543338496 


28-5653137 


9-344657 


817 


667489 


545338513 


28-5832119 


9-348473 


818 


669124 


547343432 


28-6006993 


9*352285 


819 


6707^1 


549353259 


26-6181760 


9*356095 


820 


672400 


551368000 


26'6356421 


9-359901 


821 


674041 


553387661 


28-6530976 


9-363704 


822 


675684 


555412248 


286705424 


9-367505 


823 


677329 


657441767 


28-6879766 


9371302 


824 


678976 


559476224 


287054002 


- 9-375096 


825 


680625 


561515625 


287228132 


9378887 


826 


682276 


563559976 


28-7402157 


9-382675 


827 


683929 


565609283 


28-7676077 


9'386460 


828 


685584 


567663652 


28-7749891 


9-390241 


829 


687241 


569722789 


287923601 


9-394020 


830 


688900 


571787000 


28-8097206 


9-397796 


831 


690561 


573656191 


28-8270706 


9*401569 


832 


692224 


575930368 


28-8444102 


9405338 


833 


693889 


578009537 


28'86 17394 


9-409106 


834 


695556 


580093704 


28-8790582 


9-412869 


835 


697225 


682182876 


28-8963666 


9-416630 , 


836 


698896 


584277056 


28-9136646 


9-420387 


837 


700569 


586376253 


28-9309523 


9 424142 


838 


702244 


588480472 


289482297 


9-427893 


839 


703921 


590589719 


28-9654967 


9 431642 


840 


705600 


592704000 


28-9827636 


9*435388 


841 


707281 


594823321 


290000000 


9-439130 


842 


708964 


596947688 


29-0172363 


9-442870 


843 


710649 


59D077 107 


290344623 


9*446607 


844 


712336 


601211584 


29-0516781 


9 450341 


845 


714025 


603351125 


290688637 


9-454071 


846 


715716 


605495736 


290860791 


9*467799 


847 


717409 


607645423 


291032644 


9-461624 


848 


719104 


609800192 


29-1204396 


9-466247 


849 


720801 


611960049 


29-1376046 


9468966 


850 


722500 


614125000 


29-1547595 


9-472682 


851 


724201 , 


616295051 


29-1719043 


9-476395 


852 


725904 


618470208 


29- 1890390 


9-480106 


853 


727609 


620650477 


29-2061637 


9-4«JS13 


854 


729316 


622835864 


29-2232784 


9-487518 


855 


731025 


.625026375 


292403830 


9491219 
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Nunher. 


Square. 


Cube. 


iSquare Root. 


Cabe Root. 


856 


7327S6 


627222016 


29-2574777 


9-494918 


857 


734449 


629422793 


29-2745623 


9-498614 


858 


736164 


631628712 


29-2916370 


9-502307 


859 


737881 


^3839779 


29-3087018 


9505998 


860 


789600 


636056000 


29-3257566 


9-509685 


861 


741321 


638277381 


29-3428015 


9-513369 


86^ 


743044 


640503928 


29*3598365 


9-517051 


863 


744769 


642735647 


29-3768616 


9-520730 


864 


746496 


644972544 


29-3938769 


9-524406 


865 


748225 


647214625 


29-4108323 


9-528079 


866 


749956 


649461896 


29-4278779 


9-531749 


867 


' 751689 


651714363 


29-4448637 


9-535417 


868 


753424 


653972032 


29-4618397 


9-539081 


869 


75S161 


656234909 


29-4788059 


9-542743 


870 


756900 


658503000 


29-4957624 


9546402 


871 


758641 


660776311 


29-5127091 


9-550058 


872 


760384 


663054848 


29-5296461 


9-5537 12 


873 


762129 


665338617 


29-5465734 


9-557363 


874 


763876 


667627624 


29-5634910 


9-561010 


875 


765625 


669921875 


29-5803989 


9-564655 


876 


767376 


672221376 


29-5972972 


9-568298 


877 


769129 


674526133 


29*6141858 


9-571937 


878 


770884 


676836152 


29-6310648 


9575574 


879 


772641 


679151439 


29-6479342 


9-579208 


880 


774400 


681472000 


29 6647939 


9-582839 


881 


776161 


683797841 


29-6816442 


9-586468 


882 


777924 


686128968 


29-6984848 


9-590093 


883 


779689 


688465387 


297153159 


9-593716 


884 


781456 


690807104 


29*7321376^ 


9-597337 


885 


783225 


693154125 


29-7489496 


9-600954 


886 


784996 


695506456 


29-7657521 


9-604569 


887 


786769 


697864103 


297825452 


9-608181 


888 


788544 


700227072 


297993289 


9-611791 


889 


790321 


702595369 


29-8161030 


9-615397 


690 


792100 


704969000 


29-8328678 


9-619001 


891 


793881 


707347971 


29-8496231 


9-622603 


892 


795664 


709732288 


298663690 


9-626201 


893. 


797449 


712121957 


29-8831056 


9-629797 


894 


799236 


714516984 


29*8998328 


9-633390 


895 


801025 


716917375 


29 9165506 


9-636981 


896 


802816 


719323136 


29-9332591 


9-640569 


897 


804609 


721734273 


29-9499583 


9-644154 


898 


806404 


724150792 


29-9666481 


9-647736 


899 


808201 


726572699 


29-9833287 


9-651316 


900^ 


810000 


729000000 


30*oqpooop 


0-654893 
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Number. 


Square. 


Cube. 


Square Root. 


Cube Root. 


901 


811801 


731432701 


30 0166620 


9*658468 


902 


813604 


733870808 


30*0333148 


9*662040 


903 


815409 


736314327 


300499584 


9*665609 


904 


817216 


738763264 


30'0665928 


9*669176 


905 


819025 


741217625 


300832179 


9-672740 


906 


820836 


743677416 


300998339 


9*676301 


907 


822649 


746142643 


301164407 


9*679860 


908 


824464 


748613312 


30*1330383 


9*683416 


909 


826281 


751089429 


30-1496269 


9-686970 


910 


828100 


753571000 


30-1662063 


9*690521 


911 


829921 


756058031 


301827765 


9*694069 


on 


831744 


758550528 


301993377 


9 697615 


913 


833569 


761048497 


30*2158899 


9-701158 


914 


835396 


763551944 


30-2324329 


9*704698 


915 


837225 


766060875 


30*2489669 


9708236 


916 


839056 


768575296 


30-2654919 


9*711772 


917 


840889 


771095213 


30-2820079 


9-715305 


918 


842724 


773620632 


30*2985148 


9-718835 


919 


844561 


776151559 


303150128 


9*722363 


920 


846400 


778688000 


80*3315018 


9*725888 


921 


848241 


781229961 


30*3479818 


9*729410 


922 


850084 


783777448 


30*3644529 


9-732930 


923 


851929 


786330467 


30*3809151 


9-736448 


924 


853776 


788889024 


30-3973683 


9*739963 


925 


855625 


791453125 


30 4138127 


9*743475 


926 


857476 


794022776 


304302481 


9-746985 


927 


859329 


796597983 


30-4466747 


9*750493 


928 


861184 


799178752 


30*4630924 


9*753998 


929 


863041 


801765089 


30*4795013 


9*757500 


930 


864900 


804357000 


30*4959014 


9761000 


931 


866761 


806954491 


30*5122926 


9*764497 


932 


868624 


809557568 


30-5286750 


9*767992 


933 


870489 


812166237 


30 5450487 


9-771484 


934 


872356 


814780504 


30-5614136 


9-774974 


935 


874225 


817400375 


30*5777697 


9*778461 


936 


876096 


820025856 


30*5941 171 


9*782946 


937 


877969 


822656953 


30*6104557 


9785428 


938 


879844 


825293672 


30-6267857 


9*788908 


939 


8S1721 


827936019 


30-6431069 


9792386 


940 


883600 


830584000 


30*6594194 


9795861 


941 


885481 


833237621 


30*6757233 


9*799333 


942 


887364 


835896888 


30*6920185 


9-802803 


943 


889249 


838561807 


30-7083051 


9 806271 


944 


891136 


841232384 


30*7245830 


9*809736 


945 


893025 


643908625 


30*7408523 


9 813198 
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Nomber* 


Squara. 


Cnbe. 


Square Root. 


Cube Boot* ' 


946 


894916 


846690536 


30-7571130 


9*81 6669 


947 


896809 


849278133 


30-7733651 


9*830117 


948 


898704 


851971393 


307896086 


9 833672 


949 


900601 


854670349 


308058436 


9'837025 


950 


902500 


8&7375000 


30 8330700 


9*830476 


951 


904401 


860085351 


30*8383879 


9*833933 


953 


906304 


863801408 


30-8544972 


9-837369 


953 


908309 


865533177 


30-8706981 


9*840812 


954 


910116 


868350664 


30*8868904 


9844253 


955 


913035 


870983875 


30-9030743 


9-847692 


956 


913936 


873733816 


30-9193497 


9*861138 


957 


915849 


876467493 


30*9354166 


9*8545(a 


958 


917764 


879317913 


30-9515761 


9'857992 


959 


919681 


881974079 


309677261 


9*861431 ; 


960 


931600 


884736000 


30*9838668 


9*864848 


961 


933531 


887503681 


31-0000000 


9-868373 


96) 


935444 


890377138 


31*0161248 • 


9 871694 


963 


937369 


893056347 


310323413 


9*876113 


964 


939^96 


895841344 


310483494 


9*878530 


965 


931335 


898633135 


310644491 


9*881945 


966 


933156 


901438696 


31*0805405 


9'8863&7 


967 


935089 


90433 1063 


310966336 


9*888767 


968 


937034 


907039333 


31*1136984 


9*893174 


969 


938961 


909853309 


31*1387648 


9*895580 


970 


940900 


913673000 


311448330 


9*898983 


971 


943841 


915498611 


31-1608729 


9*903383 


972 


944784 


918330048 


31-1769145 


9*905781 


973 


946739 


931167317 


31* 1939479 


9*909177 


974 


948676 


934010434 


31*3089731 


9*913571 


975 


950635 


936859375 


31-3349900 


9*916963 


976 


953576 


929714176. 


31*3409987 


9*919361 


977 


954539 


933574833 


31-3569992 


9*933738 


978 


956484 


935441352 


31-2729915 


9*936122 


979 


958441 


938313739 


31*2889767 


9*939504 


980 


960400 


941193000 


31-3049517 


9*932883 


981 


963361 


944076141 


31*3309196 


9*936361 


983 


964334 


946966168 


31*3368792 


9*939636 


983 


966389 


949863087 


31*3538308 


9*943009 


984 


968356 


953763904 


31-3687743 


9946379 


985 


970335 


955671635 


31*3847097 


9*949747 


986 


973196 


958585356 


31*4006369 


9*953113 


987 


974169 


961504803 


31-4165561 


9 956477 


988 


976144 


964430373 


31*4324673 


9*959839 


989 


978121 


967361669 


31-4483704 


9 963198 


990 


980100 


970399000 


31*4643654 . 


9*966554 
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Number. 


Square. 


Cube. 


S<|aare Root. 


Cube Root; 


99i 


982081 


973242271 


31*4801525 


9-969909 


992 


984064 


976191488 


31-4960315 


9-973262 


993 


986049 


979146657 


31*5119025 


9-976612 


994 


988036 


982107784 


31-5277655 


9*979959 


995 


990025 


985074875 


31*5436206 


9*983305 


996 


992016 


988047936 


31-5594677 


9-986648 


997 


994009 


991026973 


31-5753068 


9*989990 


998 


996004 


994011992 


31-5911380 


9993328 


999 


998001 


997002999 


31*6069613 


9-996665 



*^* In this edition some errors in the table of Dr. Hutton 
have been corrected. The most extensive and accurate tables 
of the powers of numbers^ are those published by Professor 
Barlow of the Royal Military Academy^ entitled New Mather 
matical Tables, which also contain tables of prime numbers 
and factors, so useful in arranging the numbers of wheel 
yfiotk. (Ed.) 
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PLATE I. ESSAY I. IS DESCRIBED ON THE PLATE. 



PLATE II.— ESSAY II. 
On the Shafts qf Mills and other Machines. 

jfig, 1*— No. 1, No. 2, and No: S.— Old mode of firing gud« 
geons called laid'in gudgeons, art. 139^ p. 256. 

Fig. 2. — No. 1. and No. 2. — Cross- tailed gudgeons^ art. 133, 
p. 257. 

Fig. 3, Eg. 4, and Fig. 5.— Parts of cross-tailed gudgeons^ 
art 133, p. 257. 

Fig. 6.— A hollow cast iron-^haft. No. 2^ an end view to 
shew the manner of fixing the gudgeons, art. 135> 
p. 261. 



PLATE III^ESSAV II. 



1%. 7.— 'No. I, No. 9> No. 3, and No. 4.— A feathered shafts 
with different sections, art. 136, p. 262. 

Fig. 8.--N0. 1, and No. S. — Square shafts, art. 136, p. 263. 

fig. 9.<— No. I, and No. S.^^tresson shafts, art. 182, p. 350. 

Fig.9.— Water wheel with teeth on the shrouding, to give^ 
motion to the miU, art. 137, p. 265. . 

Kg. 10'.—- The chief strain on the vertical shaft is that -which 
tends to twist it, art. 13T, p. 265. 

f%. 11.-- •Example of a compound strain on the shaft, art 
137, p. 266. 

Fig. 12.— Shaft of a water wheel, art. 137, p* 265, and art. 
[B. 191.] p. 361. 
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PLATE IV.— ESSAY II. 

m 

Fig. 1.-— Effect of position in causing a greater or less de-^ 
gree of strain on shafts, art. 138, p._966. 

Fig. S. — Stress on shafts from the action of th^ moving 
power, art. 139, p. 267. 

1%. 3, Fig. 4.— No. 1, No. «, No. 3, and Fig. 5.— Effect of 
position in causing more or less stress on the 
shafts, art. 140^ p. 269. 

Fig. 6, and fig. 7.—- To explain the effect of the place of a 
wheel on a shaft, art. 142, p. 271* 



PLATE IV. A.-^ESSAY 11.- 

Fig. 1^ Fig. % Fig. 3.— Represent an improTed method of 
fixing gudgeons on wooden shafts^ art. [B. 133.] 
p. 259. • 

I 

Fig. 4. — ^pian of a shaft and wheels to show how tlie stress 
on a shaft may be determined^ art. [A. 149^.} 
p. 286—288. 

Fig. 5, Fig. 6f and Fig. 7.— Figures to show the stress on 
shafts and gudgeons in different cireamstances, 
art. [D. 149.] p. 289. 
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PLATE V.-ESSAY III. 

On the Longitudinal Connexion of ShqftSy rfe- 

nominated Couplings. 

Fig. 1 —Represents three shafts "connected by couplings^ 
supported by double bearings^ art. 210^ p. 408. 

Fig. 2,**-No. 1^ and No. 2.— -The • square coupling, with 
double bearings^art. 210, p. 409. 



■paMMi««* 



*No. S.-^A dilferent modification of the square 
coupling, art. £10> p. 409. 

■ ■ No. 4.— A coupling box made in two pieces, art. 
210, p. 410. 

Fig. 3. — No. 1, No. 2, and No. S.*-»A variety of the coup- 
lings with double bearings, art 242, p. 411. 

Fig. 4. — No. I, No. 2i and No. 3»— The round coupling, 
art. 213, p. 411. 

Fig. 5. — No. 1, and No. 2,— -Clutches or glands, art. 215, 
p. 413. 

Fig. 6. — ^No. 1> and No. 2.— >Borii>g-mill clutch, first con- 
struction, art. 218, p. 415. 

Fig. 7. — ^I^o. 1, and No. 2.— Boring-mill clutch, second con- 
struction, art. 221, p. 41^. 

Fig. 8. — No. 1, No. 2, and No. 3. — Coupling having circular 
plates, art. 224, p. 418. 
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PLATE VI.-ESSAY HI. 

Fig. 9*— No. 1, and No. 2.— Coupling-link used by Messrs. 
Boulton and Watt In their portable steam engines; 
art. 226, p. 4.19. 

Fig. la— No. 1, No, 2, and No. 3. — ^A coupling sometimes 
used to connect the fly-wheel shaft of a steam en- 
gine with the mill work, and is so contrived, that 
in case, &e fly should tgrn in a wrong direction, 
the mill work remains at rest, art. 228, p. 420. 

» 

Fig, 11.— The untversal joint, art.' 232, p. 424. 

Fig. 12. — No. 1, No. 2, and No. 3. — Square coupling, having 
one bearing, art. 236, p. 426. 

Fig. 13.— No. 1, and No. 2. — ^Mode of coupling rollers used 
in machinery for spinning cotton, art. 239, p. 429. 

Fig. 13«.— No. 1, No. 2, and No. 3,— Cylindrical coupling, 
having one bearing, art. 238, p. 438. 

d cou 
Fig. ]4.-*Bolte pling, used in some mills in Manches- 
ter, art. 241, p. 430. 
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PLATE VII.-ESSAY III. 

Fig. 15.-*No. l,.No. 2, and No. 3.— A variety of the bolted 
couplings art. 243^ p. 430. 

Fig. 16.— Another modification of the bolted coupling, art. 

244, p. 4:31. 

Fig. 17.— No. 1, No. 2, and No. 3. — Quadrant coupling, art* 

245, p. 431. 

Fig. 18.— No. 1, No. 2, No. 3, and No, 4. — Coupling forming 
an universal joint, art. 247^ p* 432. 

Fig. 19. — No. 1.— Elevation of coupling, executed at Man- 
chester, art. 249, p. 434. No. 2, and No. 3, are 
on the next plate. 
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PLATE VIIL— ESSAY III. 

Fig. 19.— No. 9, and No. 3. -^Sections of couplings executed 
at Manchester^ art. 249^ p. 434. No. 1^ is on the 
preceding plate. 

4 

Fig. 90. — ^No. 1, No. 2, and No. 3.— Cylindrical couplings 
having projections, art 9S9, p. 435. 

Fig. 91.— S({uare coupling (having a coupling-box) for up- 
right shafts, art. 255^ p. 437* ^ 

Fig. 99. — ^No, 1, and No. 2. — Square coupling for upright 
shafts^ having a socket instead of a box, art. 955, 
p. 437. 

Fig. 93. — Coupling for upright shafts^ having projecting 
quadrants, art. 958, p. 437. 

Fig. 91*. — Lying shafts^ shewing the situation of the coup- 
lings with regard to the wheels^ art. 963^ p. 441 » 
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PLATE IX.— ESSAY IV. 

On Methods of Disengaging and Re engaging 
' MacJiinen/, while in Motion. 

Fig. 1, and No. 2.— The sliding pulley, art. 2S0, p. 456. 

Fig. 2.— No. I, No. 2, No. 3,. and No.*4.— The bayonet, art. 
282, p. 458. 

Fig. 3.— No. 1, and No. 2.— The lock pulley, art. 284, p. 460- 



PLATE X— ESSAY IV. 

Fig. 4.— No. 1, and No. 2.— Fast and loose pulleys^ or dead 
and live pulleys^ art. 286, p. 461. 

Fig. 5.— Sack tackle, art. 289, p. 463. 

Eig. 6.— No, 1,— Wheels, in gear, having a moveable bridge, 
art. 292, p. 465. No. 2, is on the next plate. 



PLATE XL^ESSAY IV. 

Fig. 6.— No. 2.— Wheels out of gear, art 292, p. 465. No. 
1, is on the preceding plate. 

Fig. 7.— No. 1, and No. 2. — Clutch for engaging the wheel 
A with the shaft B, art. 294, p. 466. 

Fig. 8.— No. 1, and No. 2.— Friction clntch, art 296, p. 46a 
No. 3, is on the next plate. 



PLATE XII.— ESSAY IV. 

Fig. 8. — No. 3. — Hoops of friction clutch^ art. 296^ p. 468. 
No. 1^ and No. 2, are on the preceding plate. 

4 

Fig. 9.— No. 1, and No. 2. — ^Friction conesj art. 298^ p. 470. 

Fig. 10.-— No. 1^ and No. 2. ~ Wheels moving by contaetion^ 
art. 300^ p. 471« 

Fig. 11.— Sack tackle, art. 503> p. 472. 

Fig. 12. — No. 1, and No. 2.-— Self- disengaging couplings art. 
305, p. 473. 
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PLATE XIII.— ESSAY V. 



On Mechanism for Equalizing the Motion of 
Mills, denominated Lift Tenters, Engine Go- 
vernors y and fVater-Wheel Governors ,. 

Fig. 1.— Steam-engine governor^ art. 307> p- 481. 

Fig. 2.— The balls A B and C being made to revolve, are all 
found on the same horizontal plane, art 310, p. 
484^ 

Fig» 3. — ^Lift-tenters for wind mill, first construction, art, 
315, p. 486. 

Fig. 4. — Lift- tenter, second construction, art. 316, p. 487. 

Fig- 5.— No. 1. — ^Elevation of water-wheel governor, first 
construction, art. 318, p. 489. No. ^, No. 3, and 
No. 4, of Fig. 5, are on the next plate. 
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PLATE XIV.— ESSAY V. 

Fig.5.-.Na «, No. 3, and No. 4.-Water.wheel governor 

first construction, art. 318, p. 489. No. T, of 1^' 
^» w on Plate XIII. ^' 

Fig. 6.~No. 1, and No. 2 — Wa*-,. »* i ' 

cormfLnf H^ater-wheel governor, second 

construction, art 320, p. 493 



PLATE XIV.— ESSAY V. 



Fig, 5.— No. S, No. 3, and No, 4. — Water-wheel governor, 
first construction, art. 318, p. 489. No. 1, of Fig. 
5, is on Plate XIII. 

Fig. 6.— No. 1, and No. 2. — Water-wheel governor, second 
construction, art 320, p. 493. 



\ 



PLATE XV,— ESSAY V. 

Fig. 7. — Water-wheel governor, third construction, art 321, 
p. 494. 

'Fig. 8.— No. I, and No. 2. — Water-wheel governor, fourth 
construction, art. S29j p. 494, 

Fig. 9.^ — No. 1, No. 2, and No. 3.— Water-wheel governor^ 
fifth construction, art. 3^3, p. 496. 



PLATE XVI.— ESSAY VL 



On Changing the Fehcify of Machinery while 

m Motion. 

lig. 1.— Turning lathe motion, art. 330. p. 530. 

Fig. 9.— Alternate cones, art. 338, p. 531. 

Fig. 3. — Wheels moving by contaction, art. 334, p. &32. 

Fig. 6.-— No. 1, and No. 3.-*Mechani6m used in cotton spin- 
ning called a double speed, third construction, 
art. 341, p. 530. 

* 

Fig. 4, and Fig. 5, are on Plate XVII. 
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PLATE XVII.— ESSAY VI. 



Ilg. 4.— Double speedj first construction, art. SSTt P> 535. 
^. 5.<— Double speedy second construction^ art. 339^ p. 537. 



PLATE XVIII.— ESSAY VIL 
On the Framing of Mill Work. 

Fig. 1. — Pivot of upright shafts^ art. 349> p. 551/ 

Fig. 2. — ^No. 1, No, % No. 3.— Pivot of upright shaft having 
a steel foot> art. 350, p. 561: 

Fig. 3.— Cylindrical steel pivot, art. 351, p. 551. 

Fig. 4.-^No. 1, No. 9, and No, 3.--Journal of upright shaft 
supported by a breast, art. 354, p. 553. 

Fig. 5. — Millstone bush, art. 355, p. 553. 

Fig. 6. — No. 1, No. 2, No. 3. — Headstock framing for sup- 
porting gudgeons of water wheel, art. 356, p. 554. 

Fig. 7»— No. 1, No. 2, No. 3, and No. 4.— Wooden framing 

for lying shafts, art. '357, p. 555. 
Fig. S.— Framed post, art. 358, p. 555. 

Fig. 9— ^Framing for lying shafts suspended from a ceiling, 
art. 358, p. 556. 

Fig. 10.— No. 1, and No. 2. -^Bridge and pedestal of upright 
shaft, art. 359, p. 556. 

Fig. 11. -^Wooden framing of an upright and lying shaft 
connected by bevelled wheels, art. 360, p. 556. 

Fig. 12.— Framing having cloves, art. 361, p. 556. 

Fig. 13.— Fig. 14.— Fig. 16.— Fig. 18.— Transverse sections, 
showing forms of pieces of timber and of iron, 
art. 366, and 367> p. 560 and 562. 

Fig. 19. — ^No. 1, and No. 2.^-Bridge made of wood for sus- 
taining lying shaft, art. 368, p. 563. 

Fig. 20. — ^No. 1, and No. 2.— Bridge made of cast iron for 
sustaining lying shaft, art. 368, p. 563. 
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